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THE MICROSCOPE. 

CHAPTER I. 

1. Origin of the term. — 2. Simple microscopes are magnifying glasses. — 
3. Compound microscope. — 4. Object-glass and eye-glass.— 5. General 
description of the instrument. — 6. Uses of the field-glass. — 7. lteflect- 
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ing microscopes. — 8. Conditions of distinct vision in the microscope.— 
9. Effects of different magnifying powers. — 10. Distinctness of deline- 
ation necessary. — 11. Hence aberration must be effaced. — 12. Achro- 
matic object-lenses. — 13. Sufficient illumination necessary. — 14. 
Effects of angular aperture. — 15. Ex]>eriments of Dr. Coring. — 16. 
Method of determining the angular aperture. — 17. Mutual chromatic 
and spherical correction of the lenses. 

1. Tiie microscope is an optical instrument by means of which 
we are enabled to see objects or the parts of objects too minute to 
be seen distinctly with the naked eye, the name being taken from 
two Greek words, fxiKpby (mikron), a little tinny , and (tkottIw 
(akopco), I look at. 

2. In a certain sense, all magnifying-glasses may be regarded as 
microscopes, but the slightly convex lenses, used by weak-sighted 
persons, cannot with any propriety be so denominated. The 
higher magnifying lenses, however, used by watchmakers, 
jewellers, miniature painters, and others, may with loss impro- 
priety receive the name ; and the small lenses of short focus and 
high power described in our Tract on “Magnifying Glasses,” 
especially when they have the form of doublets, and are mounted 
to serve anatomical purposes, and for microscopic delineations, are 
generally designated simple microscopes. Since, however, they 
differ in no respect in tlieir optical principle from common magni- 
fiers, we have considered it more convenient to explain them 
under that head, limiting therefore the subject of the present 
Tract to those optical combinations which arc generally called 
COMPOUND M I CROSCOPES. 

3. Such an instrument, in its most simple form, consists of a 
magnifying lens or combination of lenses, by means of which an 
enlarged optical image of a minute object is produced, and a 
magnifying lens, or combination of lenses, by which such image is 
viewed, as an object would be by a simple microscope. 

4. Ike former is called the oiiject-gla.ss, or objective, since 
it is always directed immediately to the object, which is placed 
\ery near to it ; and the latter the eye-glass, or eye-piece, inas- 
much. as the eye of the observer is applied to it, to view the 
magnified imago of the object. 

o. Such a combination will be more clearly understood by 
reference to fig. 1, where o is the object, ll the object-glass, and 
E E the eye-glass. 

The object-glass, l l, is a lens of very short focal length, and 
the object o is placed in its axis, a very little beyond its focus. 
According to what has been explained in our Tract upon “ Optical 
mages, 31 et seq. an image o o, of o , will be produced at a dis- 
tance from the object-glass l l, much greater than the distance of 
2 



PRINCIPLE OP THE INSTRUMENT. 


o from it : tliis image will be inverted with relation to the object ; 
its top corresponding with the bottom, and its right with the left 
side of the object, and vice vend : the linear magnitude of this 
image will be greater than that of the object, in the proportion of 
o l to o i, and consequently its superficial magnitude will be 
greater than that of the object, in the proportion of the squares of 
these lines. 

The image o o, thus formed, may be considered as an object 
viewed by the observer, through the magnifying glass e e, and 
all that has been explained, relating to the effect of such a lens, in 
our Tracts on “ Magnifying Glasses ” and “ Optical Images,” will 
be applicable in this case. The observer will adjust the eye-glass 
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E E, at such a distance from o o, as will enable him to see the 
image most distinctly, and the impression produced upon his sense 
of vision will be that the image he looks at, is at that distance 
from his eye, at which he would see such an object most dis- 
tinctly without the interposition of any magnifying lens; let 
this distance be that of a similar imago o' o', and the impression 
will be' that the object he beholds has the magnitude o' o'. 

The distance of most distinct vision with the naked eye, and 
the distance from the image at which the eye-glass must be 
placed to produce distinct vision, both vary for different eyes, but 
they vary almost exactly in the same proportion, so that the 
magnifying effect of the eye-glass upon the image o o, will be the 
same, whether the observer be long-sighted or short-sighted ; in 
estimating the magnifying power, therefore, of such a combina- 
tion, we may consider, in all cases, the distance of the eye-glass 
e e from the image o o, to be equal to its focal length, and the 
distance of o' o' from the eye-glass, to be 10 inches. (See 
“ Magnifying Glasses,” 8.) 

To estimate the entire amplifying effect of such a microscope, we 
have only to multiply the magnifying power of the object-glass 
by that of the eye-glass ; thus, for example, if the distance of the 
image o o from the object-glass be 10 times as great as the 
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distance of the object from it, the linoar dimensions of the image 
o o will be 10 times greater than those of the object ; and if the 
focal length of the eye-glass be \ an inch, the distance of most 
distinct vision being 10 inches, the linear dimensions of o' o' will 
be 20 times those of o o, and therefore 200 times those of the 
object ; the linear magnifying power would in that case be 200, 
and consequently the superficial magnifying power 40000. 

It would seem therefore, theoretically, that there would be no 
limit to the magnifying power of such a combination ; practically, 
however, there are circumstances which do impose a limit upon it. 
It must be remembered that the object must always be placed at 
a distance from the object-glass, greater than the focal length 
of the latter, the magnifying power of the object-glass depend- 
ing on the number of times this distance is multiplied, to make up 
the distance of the image o o from L l ; if a very great magnifying 
power be required, the latter distance must be a proportionally 
great multiple of the former, and as the eye-glass must be farther 
from the object-glass than the image, the instrument might be 
increased to unmanageable dimensions. 

There is therefore a practical limit to the increase of the ampli- 
fying power of the instrument by the increase of the distance of 
the image o o from the object-glass, and consequently it can only 
be augmented by the decrease of the focal length of the object- 
glass, combined with a corresponding decrease of that of the eye- 
glass. By such means, the distance of o from L L will be con- 
tained a great number of times in o i, while the latter has not 
objectionable length, and the distance of the eye-glass from the 
image oo will be contained a great number of times in the 
distance of most distinct vision. 

The eye and object glasses are usually mounted at the distance 
of 10 or 12 inches asunder, adjustments nevertheless being pro- 
vided, by which their mutual distance can be varied within 
certain limits. 

6. A convex lens is generally interposed between the object- 
glass and eye-glass, which receiving the rays diverging from the 
former, before they form an image, has the effect of contracting 
the dimensions of the image, and at the same time increasing its 
brightness. The effect of such an intermediate lens will be 
understood by reference to fig. 2, where f f is the intermediate 
lens. If this lens v f were not interposed, the object-glass l l 
would form an image of the object o at o o ; but this image being 
too large to be seen at once with any eye-glass, a certain portion 
of its central part would only be visible. The lens F f, however, 
receiving the rays before they arrive at the image o o, gives them 
increased convergence, and causes them to produce a smaller 
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image o' o', at a less distance from the object-glass l l. The 
dimensions of this image are so small, that every part of it oan be 
seen at once with the eye-glass. 

The portion of the image which can he seen at once with the 
eye-glass, is called the field of view of the microscope. 

It is evident from what has been stated, that the effect of the 



lens f F is to increase the field of view, since by its means the 
entire image of the object can be seen, while without its inter- 
position the central parts only would be visible. 

The lens F f has, from this circumstance, been called the 
FIELD-LENS. 

But the increase of the field is not the only effect of this 
arrangement. 

The light which would have been diffused over the surface of 
the larger image o o, is now collected upon that of the smaller 
image o' o' ; and the brightness, therefore, will be increased in the 
same proportion as the surface of o o is greater than the surface of 
o' o', that is, in the proportion of the square of o o to the square 
of o' o'. 

Another effect of the field-lens is to diminish the length of the 
microscope, for the eye-glass, instead of being placed at its focal 
distance from o o, is now placed at the same distance from o' o'. 

7. In this brief exposition of the general principle of the micro- 
scope, the image, which is the immediate subject of observation, 
is supposed to be produced by a convex lens ; such an image, 
however, may also be produced by a concave reflector, and being 
so produced may be viewed with an eye-glass, exactly in the same 
manner as when produced by a convex lens. 

Microscopes have accordingly been constructed upon this 
principle, and are distinguished as reflecting microscopes ; 
those in which the image is produced by a lens being called 

REFRACTING MICROSCOPES. 

The principle of a reflecting microscope will be understood by 
reference to fig. 3, where l l is the concave reflector, of which c 
is the centre ; the object o is placed towards the reflector, at a 
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distance from c greater than half the radius, and an inverted 
image of it is formed at o o, which, as in the case of the refracting 
microscope, is looked at with an eye-glass e e. 

The great improvements which have taken place within the last 
twenty years in the formation of the object-glasses of refracting 
microscopes, have rendered these so very superior to reflecting 

Fig. IS. 



microscopes, that the latter class of instruments having fallen so 
completely into disuse, it will not be necessary here to notice 
them further. 

In what has been explained, the general principle only of the 
microscope has been developed ; many important circumstances of 
detail upon which its efficiency mainly depends must now be 
noticed. 

8. The conditions which render the vision of an object with the 
microscope clear and distinct are essentially the same as those 
which determine the clearness and distinctness of our perception 
of an object with the naked eye. It will be found, by reference 
to our Tract upon “ the Eye,” that these conditions are three : — 

1. That the visual angle should be sufficiently large; 

2. That the outlines and lineaments of the object should be 
sufficiently distinct ; and 

3. That the object should be sufficiently illuminated. 

It is evident that if any one of these conditions fail to be ful- 
filled, our visual perception of the object will be defective. If 
tho object, for example, be exceedingly minute, though it be 
perfectly delineated and strongly illuminated, it will be either 
altogether invisible, or will appear as a mere speck. 

If its outlines and lineaments be ill-defined, as when a tree or 
other object is seen through a mist, our perception of it will also 
be defective ; and in fine, though it have sufficient magnitude and 
be perfectly delineated, we may fail to see it distinctly for want 
of sufficient light upon it, as when we look at objects towards the 
close of twilight. 

6 
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The object which is submitted to our sense of vision with the 
microscope, being the optical image produced by the object-glass, 
our perception of it can only be clear and distinct, provided the 
three conditions above stated are fulfilled, that is, provided it be 
viewed under a sufficient visual angle, that its outline and 
lineaments be shown with perfect distinctness, and that it be 
sufficiently illuminated. 

The conditions, therefore, upon which the efficiency of the 
microscope must depend will necessarily be those which will 
confer upon the image, submitted to the observer, the qualities 
above stated. 

The optical conditions which determine the visual angle or 
apparent magnitude of the image, as viewed with the eye-glass, 
have been already explained ; and it is evident that these con- 
ditions can always be fulfilled, provided object-glasses and eye- 
glasses of sufficiently short focus can be produced. Speaking 
generally, the magnifying power of the object-glass will be limited 
by the proportion which the length of the microscope will bear to 
its focal length ; and the magnifying power of the eye-glass will 
he limited only by its power of approaching sufficiently close to 
the image, without too much contracting the field of view. 

If the purpose of the observer were merely to see the object as 
a whole, so as to obtain a perfectly accurate notion of its outlines, 
a moderate magnifying power would, in general, suffice. But in 
most microscopic researches it is desired to ascertain, not merely 
the general outlinos of the object, hut the far more minute linea- 
ments of its structure ; and to render these visible in the minuter 
class of objects, amplifying powers of a very high order are 
indispensable. 

9. The powers, indeed, which exhibit to the observer the 
general outline of an object, are rarely sufficient to show the 
minute lineaments of its structure. To perceive the general 
outline, it is necessary that the entire object should he included 
at once within the field of view, and this could not be the case, 
if the magnifying power exceeded a moderate limit. The power, 
on the other hand, which is sufficiently great to show the most 
minute parts of the structure, would necessarily be so great that 
a very small part only of the entire object would be comprised in 
the field of view. 

From these circumstances it will be readily understood, that 
each class of powers have their peculiar uses, neither superseding 
the other ; when we desire to observe the general form of a micro- 
scopic object, we must view it with a low power. When we 
desire, on the other hand, to examine its parts, and if, for example, 
it be an animalcule, to observe it member by member, and organ 
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by organ, we must call to our aid the higher class of power. In 
line, a complete microscopic analysis of an individual object will 
require that it should be viewed successively with a series of 
gradually increasing powers. 

10. But magnifying powers, to whatever extent they may be 
carried, will be of no avail if the image produced by the object-glass 
be not perfectly distinct and well defined ; and it wall be evident 
upon the slightest consideration, that any minute imperfections 
which may exist in its delineation, will be rendered more and 
more glaring and intolerable, the higher the magnifying power 
under which it is viewed. 

With a common magnifying glass, or simple microscope, we 
view the object itself, and are subject to no other optical imper- 
fections in our perception of it, than such as may arise from the 
imperfection of the lenses through which we view it ; and since 
with such instruments the magnifying power can never be con- 
siderable, small defects of delineation are never perceptible. It is 
quite otherwise, however, with the class of instruments now under 
consideration, where magnifying powers, from 1000 to 2000 of the 
linear dimensions, are often brought into play. 

These circumstances render it indispensable that the image of 
the object produced by the object-glass, and viewed through the 
eye-glass, should have the utmost attainable distinctness of de- 
lineation ; not only as regards its outline, but also as respects the 
most minute details of its structure and colouring. 

11. Now the solution of this problem, presented to scientific and 
practical men the most enormous difficulties ; difficulties so great 
as to have been regarded, by some of the highest scientific autho- 
rities of the last half-century, as absolutely insurmountable. 
Happily, nevertheless, the problem has been solved ; and without 
disparagement to the great lights of science, we must admit that 
its solution has been mainly the work of practical opticians. It 
is true that the general principles upon which the form and 
material of the lenses depend, were the result of profound mathe- 
matical research, but these principles were established and well 
understood at the moment when the practical solution of the pro- 
blem was, by scientific authorities themselves, pronounced to be 
all but impossible. Opticians, stimulated by microscopists and 
amateurs, then applied themselves to the work, and by a long 
series of laborious and costly trials, attended with many and 
most discouraging failures, at length arrived at the production 
of optical combinations, which have rendered the microscope one 
of the most perfect instruments of philosophic research, and one, 
to the increasing powers of which, we can scarcely see how any 
limit can be assigned. 
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To appreciate the circumstances in which these great difficulties 
have consisted, it will be necessary that the reader should revert 
to our Tract upon “ Optical Images,” 39 et seq. It is there shown, 
that when an object is placed before a convex lens, the image of it 
which is produced, is not in any case a faithful copy of the object. 
In the first place, each portion of the lens, proceeding from its 
centre to its borders, produces a separate image; this series of 
images, being ranged at different distances from the lens : when 
these images are looked at, as they would be, for example, with 
the eye-glass of the microscope, they are seen projected one upon 
another, and being slightly different in their magnitudes, a con- 
fusion of outline and lineaments ensues, so that the object appears 
as though it were viewed through a mist. 

This sort of indistinctness, called spherical aberration , has been 
fully explained in our Tract upon “ Optical Images,” and the 
general principles, by which its effects may be more or less miti- 
gated, have been there explained. 

It has been in the diminution, if not entire extinction, of this 
cause of indistinctness, by the happy adaptation of the curvatures 
of the lenticular surfaces entering into the optical combinations 
which form the microscope, that the address and genius of the 
practical opticians has been chiefly manifested ; and if it cannot 
be stated, with strict truth, that all the effects of spherical aber- 
ration have been effaced in the best instruments now placed at 
the disposition of the observer, it may, at all events, be safely 
affirmed, that they exist in so small a degree as to offer no serious 
impediment to his researches. 

But independently of this source of indistinctness, there is 
another which has also been fully explained in our Tract upon 
“Optical Images,” 39. 

Light is a compound principle, consisting of several elements, 
differing in colour and also in refrangibility, the consequence of 
which is, that when an object is placed before a convex lens, it 
is not one image which is formed of it, but a series of images, 
varying in colour, from a violet or blue, through all the tints of 
the rainbow, to a red ; these images are placed at slightly dif- 
ferent distances from the lens, and when viewed through the eye- 
glass, would be projected one upon the other, and being of slightly 
different magnitudes, the consequence of such projection would 
be, that their outlines, and those of all their parts, would be 
more or less fringed with iridescent colours, an effect which, 
it is needless to say, would destroy the distinctness of the 
lineaments. 

12. The principle upon which this chromatic aberration is 
counteracted, has been fully explained in our Tract upon “Optical 
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Fig. 4. 



Images.” It follows from what is there stated, that all confusion 
produced by this cause, can be removed by substituting for simple 
convex lenses, compound ones, consisting of a 
double convex lens of crown-glass c c', fig. 4, 
cemented to a plano-concave lens of flint glass. 

The image produced by such a combination, 
will be distinct and free from colour, provided 
that certain conditions be observed in the curva- 
tures given to its component lenses. 

13. Assuming then, that by such combinations 
the image presented to the eye-glass is a faith- 
ful reproduction of the object, in its proper colours, 
perfectly distinct in all its lineaments, and suf- 
ficiently amplified, there is still one remaining 
condition for distinct vision, which is, that this 
image should be sufficiently bright. It will, 
therefore, be necessary here, to examine the con- 
ditions on which its brightness, or illumination, 
depends. 

In the first place it is very evident that, other things being the 
same, the illumination of the image will be proportionate to that 
of the object, and in the inverse proportion of its superficial 
amplification ; for the light which is transmitted from the object, 
being diffused over the surface of the image, will be necessarily 
more feeble as the superficial magnitude of the image is greater. 
The higher the magnifying power used, therefore, the greater is 
the necessity that the object should be intensely illuminated. 

But the brightness of the image depends not only on the in- 
tensity of the illumination of the object, hut also on the proportion 
of the light emanating from each point of the object, which arrives 
at the corresponding point of the image ; and this, as we shall now 
show, will depend conjointly on the linear opening, or available 
diameter of the object-glass, and the distance of the object from it. 

To make this more plain, let o o', fig. 5, be the object, and l l' 
the object-glass. We are to consider that each point of the object 
is a centre, from which rays emanate towards 
the object-glass ; thus, for example, rays 
issuing from the point c, form a cone, of which 
the object-glass is the base, and of which c is 
the vertex ; supposing all these rays to pass 
through the object-glass, and to be refracted 
by it, they will converge to the point of the 
image which corresponds to c. 

In the same manner, the rays which diverge 
from any other point, such as o, likewise form a cone, of which 
10 
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that point is the vertex, and the object-glass the base, and after 
passing through the lens, they will converge to the corresponding 
point of the object. 

Thus it appears that each point of the image is illuminated by 
as many rays as are included within such a cone as we have here 
described ; that is to say, one whose base is the object-glass, and 
whose vertex is on the object. Hut it is evident that the number 
of rays included in such a oone, depends exclusively upon the 
magnitude of its angle, that is the angle L c l', formed by lines 
drawn from a point, c, upon the object. 

14. This angle, which forms, therefore, an element of capital 

Fl '£- g - Tig . 7. 
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importance in the estimation of the efficiency of the microscope, is 
called the angular aperture of the object-glass. 

The effect produced by the variation of the angular aperture of 
the object-glass, other things being the same, will be rendered 
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still more clearly intelligible by reference to figs. 6 and 7, where 
two lenses, l l and i! l', having equal focal lengths, are repre- 
sented ; the same object, o and o', is placed 
Flg ' S ‘ at the same distances from them, and equal 

images of it, 1 1 and l' i', are produced at 
equal distances from the lenses. The 
angular aperture of L L, being I o I, is 
greater than that of l' l', which is x' o' x' ; 
and it is evident that a greater number of 
rays issuing from the object, will fall upon 
the lens l l, than upon L' x', in the 
proportion of the square of the angular 
1 . ^ 7 V aperture of the former to that of the latter ; 

" thus, if the angular aperture of I i be 

twice that of 1/ i/, the number of rays 
which fall on l L will be four times the 
number which fall on l' l'. 


Supposing, then, that all the rays which 
fall upon each of the lenses, pass through 
them, and are made to converge upon corre- 
sponding points of the images 1 1 and i' i', 
it is clear that each point of the image 1 1 
will be more intensely illuminated than the 
corresponding point of I' i', in the propor- 
tion of the square of the angular aperture 
of i L to that of x' x' ; and if these apertures 
be in the proportion above supposed of two 
to one, the several points of the image 1 1 
will be four times more intensely illumi- 
nated than those of i' i'. 



15. As a practical example of the effect 
of the angular aperture upon the image, 
we here give seven drawings made by the 
late Dr. Goring, of the appearance of a 
particle of dust, or a scale, as it is called, 
of a butterfly’s wing, viewed with the same 
magnifying power, the angular aperture of 
the lens being successively augmented. 
When the aperture was reduced to the 
smallest limit, the object appeared as re- 
presented at A, fig. 8 ; when the aperture 
was increased in the proportion of 2 to 3, 


the object assumed the appearance repre- 
sented at b, and, in short, by successively increasing the aperture, 
it assumed the appearances shown in c, n, e, p, and g. It will be 
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evident, therefore, that by the mere effect of this increased illumi- 
nation, the lineaments showing the structure of the object, which 
were altogether imperceptible in c and n, began to be developed 
but very imperfectly in e, were more visible in f, and became 
quite distinct in g. 

The great and manifest importance, therefore, of the angle of 
aperture to the efficiency of the microscope, renders it indispen- 
sable that easy and practicable means should always be attainable 
for determining it. If the distance of the object from the object- 
glass, and the virtual opening or diameter of the object-glass 
could be always exactly measured ; and if all the rays which 
fall on the object-glass could be assumed to pass through it, and 
to converge upon the image, then the angular aperture would be 
an element of very easy calculation. But it is not practicable to 
obtain these data, and it cannot be assumed that all the rays 
which are incident upon the object-glass will pass through it, 
and be made to converge upon the image. 

16. Instead, therefore, of calculating the angular aperture in 
this manner, it is determined by immediate experiment. 

The greatest angle of aperture of which a given lens is capable, 
will be found by determining the greatest obliquity with 'which 
it is possible for rays to fall upon the object-glass, so as to be 
refracted by it to the eye-glass. The following method of ascer- 
taining. this, for any given object-glass, was contrived and 
practised by Mr. Pritchard, at an early epoch in the pro- 
gress of the improvement of the microscope, when the importance 
of the angular aperture was demonstrated by that eminent artist 
and Dr. Goring. The same method, with but little modification, 
is that still practised by opticians. 

Let m m , fig. 9, be the microscope, the object end being fixed 
upon a pivot, so that the eye end can be moved over a graduated 
semicircle. Let a small luminous object, sucli as the fiame 
of a candle, be placed in the direction r r, at the distance of 6 or 
8 feet, so that the rays proceeding from it to the object-glass may 
be considered as parallel. If the microscope be directed towards 
the candle, all the rays will fall perpendicularly on the object- 
glass, and will evidently pass through it to the eye-glass. If the 
microscope be then turned on the pivot to the left, the rays will 
fall more and more obliquely on the object-glass, and a less and 
less number of them will pass to the eye-glass. 

'When such a position as m m is given to the microscope, those 
rays only which fall upon the border of the object-glass upon the 
right of the observer, will arrive at the eye-glass, and the field of 
view will then appear, as shown at /, half illuminated and half 
dark. If the microscope be moved beyond this position, the field 
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will be entirely dark, no rays being transmitted to the eye- 
glass. 

If the microscope, on the contrary, be moved to the other side 
of the graduated semicircle, the same appearanoes will be pro- 
duced, and when it assumes the position in' w', the field will be 
again half illuminated, and beyond that point it will be dark. 

Fig. 9. 



The arc of the graduated semicircle, included between the two 
positions m m and m f wi', will then be the measure of the angular 
aperture of the object-glass, since that arc will correspond with 
the greatest obliquity, at which rays diverging from the object to 
u 
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the object-glass, can pass through the latter, so as to arrive at the 
eye-glass. 

Such are then, generally, the means by which the three con- 
ditions of distinct vision with the microscope will be fulfilled. The 
second of these conditions, that which involves the complete cor- 
rection of the chromatic aberration, will, however, require here 
some further development, since it involves circumstances which 
have demanded the greatest artistic skill on the part of the 
makers. 

17. It has been shown in our Tract upon “Optical Images,” 53 et 
seq., that the chromatic aberration of lenses is corrected by combin- 
ing together two lenses, one of Hint and one of crown glass, which 
have different effects upon the separation of the coloured images, 
the curvatures of their surfaces being so related, the one to the 
other, that the separation which would be produced by either is 
exactly counteracted by an equal separation in a contrary direc- 
tion by the other. If the curvatures, however, of the two lenses 
be not so related as to produce this exact compensation, they may 
either give a predominance to the effect of the one or the other, so 
as to produce chromatic aberrations of opposite kinds ; the coloured 
images thus produced being ranged in a contrary order. 

When a single convex lens is used, the most refrangible rays 
are brought to a focus, nearer to. the lens than the least refran- 
gible ; and consequently the violet and blue images are formed 
nearer to the lens than the red and orange. This is called 
POSITIVE CHROMATIC ABERRATION. 

If by combining two lenses of flint and crown glas^ this aberra- 
tion be more than compensated, that is, if the blue and violet 
images are not merely brought to coincide with the red and orange 
ones, so as to render the lens achromatic, but made to interchange 
place with them, so that the red and orange shall be nearest to, 
and the blue and violet farthest from the lens, the chromatic 
aberration will be negative. 

The importance of this in the practical construction of the 
microscope will presently appear. 

It must be remembered that the microscope consists of the 
object-glass, the field-glass, and the eye-glass, and that its 
efficiency depends not merely upon the fidelity of the image pro- 
duced by the object-glass, but upon that which is seen by the 
observer looking through the eye-glass. This last must be an 
exact reproduction of the object in form and colour. 

Now it is easy to show that if the object-glass be absolutely 
achromatic, the image seen by the observer through the eye-glass 
will not be so ; for, in that case, the rays forming the image pro- 
duced by the object-glass passing successively through the field- 
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glass and the eye-glass, neither of which are achromatic, the 
image viewed by the observer through the eye-glass must be 
affected by as much positive aberration as is due to the combination 
of the field-glass and the eye-glass. 

This defect might, it is true, be remedied by making both 
the field-glass and eye-glass achromatic ; but independently of 
other objections to such an expedient, it would be needlessly 
expensive ; and the same purpose is attained in a much more 
simple manner, upon the principles of positive and negative 
chromatic aberrations, which have just been explained. 

The method practised for this purpose may be briefly and gene- 
rally explained thus : The field-glass and the eye-glass being 
simple convex lenses, produce positive chromatic aberration. The 
object-glass, on the other hand, being a compound lens, may be 
so constructed, according to what has been just explained, as to 
produce negative chromatic aberration. 
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CHAPTER II. 

Mutual chromatic and spherical correction of the lenses (Continued). — 
18. Centering. — 19. Compound object-pieces. — 20. The eye-piece. 
— 21. Various magnifying powers adapted to the same microscope. 
— 22. Actual dimensions of the field of view. — 23. Means of moving 
and illuminating the object. — 24. Focussing. — 25. Preparation of the 
object. — 26. General description of the structure of a microscope. — 
27. The stage. — 28. The illuminators. — 29. The diaphragms. 

Now let us suppose that the entire combination of lenses is so 
formed, that the negative chromatic aberration produced by the 
object-glass shall be exactly equal to the positive chromatic 
aberration, produced bj r the field-glass and the eye-glass. In 
that case, it is evident that the one aberration will extinguish the 
other, and that the image viewed by the observer through the eye- 
glass will be an exact reproduction of the object, being exempt 
from all aberration whatever. 

To make this more evident, Let ll, fig. 10, be the compound 
object-glass, consisting of a double convex lens of crown glass, 
and a plano-concave lens of flint-glass, formed so as to produce 
negative chromatic aberration ; let F F bo the field-glass, E E the 
eye-glass, and o the object. 

Let v v it n be the coloured images of the objects, which would 
be produced by L L, if f f were not interposed ; these images will 
be slightly concave towards l l, according to what has been 
explained in our Tract upon ‘ ‘ Optical Images,” 47 et scq. ; and since 
L L is supposed to have negative aberration, the red images it n 
will be nearest to it, and the violet ones, v v, most remote from it. 

But the rays which would converge upon the various points of 
these images being intercepted by the field-glass F f, are rendered 
more convergent by it, and the images arc accordingly formed 
nearer to it. This lens, f f, also increases the convergence of the 
violet rays which are most refrangible, more than it increases that of 
the red rays which are least refrangible. The consequence of this 
is, that the violet and red images are brought closer together than 
they were, as shown in the figure ; but still the violet images are 
more distant from f f than the red, so that the chromatic aberra- 
tion of ll and f f conjointly is still negative, though jess than 
the aberration of l l alone. 

There is another effect produced by the lens f f which it is 
important to notice. The images produced by i, l, which were 
slightly concave towards f f, are changed in their form, so as to 
be slightly concave towards e e. The cause of this change has 
been already explained in our Tract upon “ Optical Images,” 40. 
18 
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In fine, then, the rays diverging from the images E' k' v' v', 
after passing through the eye-glass E E, have their divergence 
diminkbed, so as to diverge from more distant points, 1 1 . The 
diver^Jnce of the violet rays,v' v', being most refrangible, is most 
diminished, and that of the red rays, b' e', being least refrangible, 
is least diminished. If their divergence were equally diminished, 
a series of coloured images would be formed at 1 1 , the violet being 
nearer to, and the red farther from E e ; but the divergence of the 
violet, which is already greater than the red, is just so much 
greater than the latter, that the difference of the effects of E E 
upon it is such as to bring the images together at 1 1. 

Thus it appears, that the positive aberration of the eye-glass 
E E is exactly equal to the negative aberration of l l and f e taken 
oonjointly, so that the one exactly neutralises the other, all the 
coloured images coalescing at 1 1, and producing an image alto- 
gether exempt from chromatic aberration. 

There is another important effect produced by the eye-glass ; 
the images e' n' v' v', which are slightly concave towards E E, 
are rendered straight and fiat at 1 1 ; the principle upon which 
this change depends has been also explained in our Tract upon 
44 Optical Images,” 46. 

Thus, it appears that, by this masterly combination, a multi- 
plicity of defects, chromatic, spherical, and distortive, are made, 
so to speak, to extinguish each other, and to give a result, 
practically speaking, exempt from all optical imperfection. 

18. There is still another source of inaccuracy which, though it 
is more mechanical than optical, demands a passing notice. All 
the lenses composing the microscope require to be set in their 
respective tubes, so that their several axes shall be directed in 
the same straight line with the greatest mathematical precision. 
This is what is called centebing the lenses, and it is a process, 
in the case of microscopes, which demands the most masterly skill 
on the part of the workman. The slightest deviation from true 
centering would cause the images produced by the different lenses 
to be laterally displaced, one being thrown more or less to the 
right and the other to the left, or one upwards and the other 
downwards ; and even though the aberrations should be perfectly 
effaced, the superposition of such displaced images would effec- 
tually destroy the efficiency of the instrument. 

19. In what precedes, we have, to simplify the explanation, 
supposed the object-glass to consist of a single achromatic lens, a 
circumstance which never takes place exoept when very low 
powers are sufficient. A single lens, having a very high magni- 
fying power, would have so short a focus and such great curvature, 
that it would be attended with great spherical aberration, inde- 
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pendently of other objections ; groat powers, therefore, have been 


obtained by combining several 
achromatic lenses in the same 
object-piece, so that the rays 
proceeding from the object are 
successively refracted by each 
of ? them, and the image sub- 
mitted to the eye-glass is the 
result of the whole. 

The optical effect of such a 
combination will be more 
clearly understood by refer- 
ence to fig. 1 1 , where l l, l' i/, 
and l" l", represent a com- 
bination of three achromatic 
object-glasses. Let o o be 
the object, placed a little 
within the focus / of the lens 
L L. The image of o o, pro- 
duced by L L, would then be 
an imaginary one in the posi- 
tion I T ; (see Tract on “Optical 
Images,” 35, ft Sfq.). After 
passing through L L, the rays, 
therefore, fall upon i/ I/, as if 
they diverged from the several 
points of the image 1 1, which 
may, therefore, be considered 
as an object placed before the 
lens l ' i/. Lot f be the focus 
of L' i/ ; the image of 1 1 pro- 
duced by l' l' will therefore be 
imaginary, and will be at i' i' ; 
the rays after passing through 
1/ 1/ will fall upon l" l", as if 
they diverged from the several 
points of i' i'. This image l' i', 
therefore, may be considered 
as an object placed before the 
lens l" l”. Let/" be the focus 
of this lens ; the image of i' i' 
produced by i/' l" will then be 
r i", and will be real ; this will 
then, in fact, be the image 
transmitted to the eye-piece. 


Fisr. u. 
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To render the diagram more easy of comprehension, we have 
not here attempted to represent the several distances in their 
proper proportions. 

The compound lenses, of which object-pieces consist, are 
generally, as represented in the figure, plane on the sides presented 
towards the object. This is attended, among other advantages, 
with that of allowing a larger angle of aperture than could Ije 
obtained if the surface presented to the rays diverging from the 
object were convex. 

The extreme rays diverging from each point of the object fall 
upon the surface of the object-glass 'with a greater and greater 
obliquity as they approach its borders, and since there is an 
obliquity so extreme that the chief part of the rays would not 
enter the glass at all, but would be reflected from it, the angle of 
aperture must necessarily be confined within such limits, that the 
rays falling from the borders of the lens will not be so oblique as to 
come under this condition. If the surface of the object-glass pre- 
sented to the- object were convex, it is evident that the rays diverging 
from an object at a given distance from it would fall upon its borders 
with greater obliquity than if it were plane, and, consequently, 
such an obj ect-glass would allow of a less angle of aperture than 
a plano-convex one with its plane side towards the object. 

Improvements have recently been made in object-glasses, by 
which angles of aperture have been obtained so great, as not to 
admit even of a plane surface being presented to the diverging 
pencil, and it has accordingly been found necessary, in such cases, 
to give the object-glasses the meniscus form (Optical Images, 25), 
the concave side being presented to the object. By this expedient 
angles of aperture have been obtained so great as 170°. If the 
surfaoe of the object-glass presented to the object were plane, the 
extreme rays of the central pencils, with such an angle of aper- 
ture, would fall upon the surface of the lens with obliquities of 
not more than 5°, and the obliquities of the extreme rays of 
the lateral pencils would be even less. Under such circum- 
stances, the chief part of the rays near the borders of the 
lens would be reflected, and, consequently, its virtual would be 
less than its apparent angle of aperture. It is questioned by some 
mic;roscopists that even with the expedient of a concave external 
surface, a practically available angle of aperture so great as 170" 
can be obtained. 

The three achromatic lenses here described being mounted, so 
that their axes shall be precisely in the same straight line, con- 
stitute what is generally called an object-glass, but which, 
perhaps, might with more convenience and propriety be denomi- 
nated an object -riECE. 

09 
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The power of the object-pieces is usually indicated by the 
makers, by assigning their focal lengths; but as these object- 
pieces are composed of several lenses, having different focal 
lengths, it is necessary to explain what is meant by the focal 
length of the combination. 

Let L be a single convex lens, and o the compound object-piece; 
suppose then, the same object placed successively at the same 
distance from L and o, and let l have such a convexity that it 
will produce an image, i, of the object equal to the image i', which 
the object-piece, o, produces, and that the distance of this image, 
I, from the single lens L, is -equal to the distance of the image i' 
from the object-piece o. In that case, the single convex lens L, 
being, in fact, the optical equivalent of the compound object-piece 
o, its focal length is taken to be that of the object-piece o. Thus, 
for example, if the lens L, having a focal length of one inch, 
produce the same image of the same object similarly placed before 
it, as would the object-piece o, then the focal length of the object- 
piece o is said to be one inch. 

In short, the single lens L, and its equivalent compound object- 
piece o, differ only in this, that the images produced by L are 
defaced more or less by aberration, from which the images pro- 
duced by o are altogether exempt. 

These object-pieces are sold by some makers so fixed that their 
component lenses are inseparable, the observer being unable to use 
any one of them as an object-glass without the others; other 
makers, however, mount them In such a manner that the first and 
second lenses, l l and V i/, may be unscrewed or drawn off, and 
the lens l" l" alone used as the object-glass ; or 1/ 1/ may be 
screwed on, the two lenses 1 / t/ and l" l" then making an object- 
piece of greater power ; by this arrangement the observer obtains, 
without increased expense, three object-pieces of different powers. 

After what has been said, however, of the exact manner in 
which the aberrations of the field and eye glasses are corrected 
and balanced by the contrary aberration of the object-piece, it will 
be easily understood, that the economy by which three powers are 
thus obtained, is gained at the expense of the efficiency of the 
instrument; for if the aberrations of the triple object-piece are so 
adjusted as exactly to balance those of the other lenses, that balance 
will no longer be maintained when the lens L l, and still less 
when the lens 1/ l', is removed. It is on this account that some 
makers, who are the most scrupulous as to the character of their 
instruments, refuse to supply separable object-pieces. 

The imperfection, however, produced in tills case by disturbing 
the balance of the aberrations is of less importance, inasmuch as 
by removing the lens l l, and still more by removing 1/ l', the 
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magnifying power is so considerably diminished, that the defects 
of the image produced by the unbalanced aberrations are very 
inconsiderable, and the observer is generally content to tolerate 
them on account of the great economy gained by the separation of 
the lenses, which supplies, without additional expense, three 
independent object-pieces. 

Some of the foreign makers, less scrupulous in the exact ad- 
justment of their optical combinations, make all the three lenses 
composing each triple; object- piece exactly similar, unscrewing 
one from another, so as to enable the observer to use one, two, or 
three at pleasure. It is evident that, with such combinations, the 
aberrations can never be so exactly balanced as they are in the 
object-pieces above described ; but in the instruments to which 
they are applied, powers exceeding 700 or 800 are almost never 
attempted, and the aberrations, though imperfectly compensated, 
are sufficiently so to prevent much injurious confusion in the 
images. 

In the superior class of instruments, where magnifying power 
is pushed to so extreme a limit as 1500 or 2000, the most extreme 
precision in the balance of the aberrations must necessarily be 
realised, since the slightest imperfection so prodigiously magnified 
would become injuriously apparent. 

The extreme degree of perfection, which has been attained in 
the best class of microscopes, may be imagined, when it is stated, 
that an object which is distinctly visible under a power of 1500 
or 2000, when it is exposed to the object-glass uncovered, will be 
sensibly affected by aberration if a piece of glass, no more than 
the 100th of an inch in thickness, be laid upon it. Infinitesimally 
small as is the aberration produced by such a glass film, it is 
sufficient, when magnified by such a power, to be perceptible, and 
to impair in a very sensible manner the distinctness of the image. 

As it has been found necessary, for the preservation of micro- 
scopic objects, to cover them with such thin films of glass, through 
which, consequently, they are viewed, adjustments are provided 
in microscopes with which the highest class of powers are supplied, 
by which even the small aberration due to these thin plates of 
glass thus covering the objects can be corrected. This is effected 
by mounting the lenses, which compose the triple object-piece, 
in such a manner that their mutual distances, one from another, 
can be varied within certain small limits, by motions imparted to 
them by fine screws. This change of mutual distance produces a 
small effect upon the aberrations, rendering their total results 
negative to an extent equal to the small amount of positive 
aberration produced by the thin glass which covers the object. 

20. The eye-glass and the field-glass are both plano-convex 
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lenses, having their plane sides turned towards the eye ; they are 
set in opposite ends of a brass tube, varying in length from two 
inches downwards, according to their focal lengths, the distance 
between them and, consequently, the length of the tube being 
always equal to half the sum of their focal lengths. 

The higher the power of the eye-piece, and consequently the 
shorter the focal length of the eye-glass, the less will be the length 
of the tube in which they are set. 

This tube is called the eye-piece. 

It will be apparent from what has been explained, that the 
magnifying power of the instrument will depend conjointly on 
those of the object-piece and eye -piece. 

21. In the prosecution of microscopic researches, the use of 
very various magnifying powers is indispensable ; the higher 
powers would be as useless for the larger class of objects, as the 
lower ones for the smaller. But even for the same object, a 
complete analysis cannot be accomplished without the successive 
application of low and high powers : by low powers the observer 
is presented with a comprehensive view of the entire form and 
outline of the object under examination, just as an aeronaut who 
ascends to a certain altitude in the atmosphere obtains a general 
view of the country, which would be altogether unattainable 
upon the level of the ground. By applying successively higher 
powers, as has been already explained, the smaller parts and 
minuter features of the object are gradually disclosed to view, 
just as the aeronaut, in gradually descending from his greatest 
altitude, obtains a view of objects which were first lost in the 
distance, but at the same time loses, by too great proximity, the 
general outline. 

The microscope-makers, therefore, supply in all cases an 
assortment of powers, varying from 30 or 40 upwards ; observa- 
tions requiring powers under 40, being more conveniently made 
with simple microscopes. For this purpose it is usual, with the 
best instruments, to furnish six or eight object-pieces and three 
or four eye-pieces, each eye-piece being capable of being combined 
with each object-piece. The number of powers thus supplied will 
be equal to the product of the nutiiber of object-pieces, multiplied 
by the number of eye-pieces. 

The powers, however, may still be further varied, by provi- 
sions for changing the distance between the object and eye- pieces, 
within certain limits. For this purpose, the tube of the instru- 
ment is sometimes divided into two, one of which moves within 
the other, like the tube of a telescope, the motion being produced 
by a fine rack and pinion : in this case the eye-piece is inserted in 
one of the tubes, and the object-piece in the other. By combining 
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this provision with a proper assortment of object-pieces and eye- 
pieces, all possible gradations of power between the highest 
attainable, and the lowest which is applicable, can be obtained. 

The actual magnitude of the space which can be presented at 
once to the view of the observer, will vary with the magnifying 
power ; but in all cases it is extremely minute. Thus, with the 
lowest class of powers, where it is largest, it is a circular space, 
the diameter of which does not exceed the 8th or 10th of an inch ; 
it follows, therefore, that no object, the extreme. limits of whose 
linear magnitude exceed this, can be presented at once to the 
view of the observer. Such objects can only be seen in their 
ensemble, by means of less powerful magnifying glasses, or with 
the naked eye. 

22. The held of view, with powers from 100 to 300, varies in 
diameter from the loth to the 40th of an inch ; from 300 to 500 
it varies from the 40th to the 70th of an inch ; and from 500 to 
700 from the 70th to the 100th of an inch. 

It will thus be understood, that even with the moderate power 
of 700, an object to bo included wholly within the held of view, 
must have a magnitude such as may be 
included within a circle whose diameter 
does not exceed the 100th of an inch. 
These observations will be more clearly 
<> appreciated by reference to the annexed 
diagram, hg. 12, where A is a circle 
j. whose diameter is the 6th of an inch ; 
a one whose diameter is the 12th of an 
inch ; c the 25th, n the 50th, and e the 

X ioot.li. 

Put when still higher powers are used, 
the actual dimensions of the entire space 
comprised within the field of view will be 
so very minute, that an object which 
would fill it, and still more, smaller 
objects included within it, would not only 
a be altogether invisible to the naked eye, 
but would require considerable micro- 
scopic power to enable the observer to see them at all. 

The actual dimensions of the field of view, which correspond to 
each magnifying power, vary more or less in different instru- 
ments. Those which I have given above, are taken from a 
microscope made by Charles Chevalier, which is in my possession. 
The difference however in this respect, between one instrument 
and another, is not considerable, and the above will serve as a fail* 
illustration of the limits of the field of instruments in general. 
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The entire dimensions of the field of view therefore being so 
exceedingly minute, it will be easily understood that some diffi- 
culty will attend the process by which a small object, or any 
particular part of an object, can be brought within it : thus, with 
a moderate power of 500, the entire diameter of the field being no 
more than the 70th of an inch, a displacement of the object to 
that extent, or more, would throw it altogether out of view. If 
therefore the object, or whatever supports it, be moved by the 
fingers, the sensibility of the touch must be such as to be capable 
of producing a displacement thus minute. 

If the object be greater in its entire dimensions than the field 
of view, — a circumstance which most frequently happens, — a part 
only of it can be exhibited at once to the observer ; and to enable 
him to take a survey of it, it would be necessary to impart to it, 
or to whatever supports it, such a motion as would make it pass 
across the field of view, as a diorama passes before the spectators, 
disclosing in slow succession all its parts, and leaving it to the 
power of the observer to arrest its progress at any desired moment, 
so as to retain any particular part under observation. 

The impracticability of imparting a motion so slow and regular 
by the immediate application of the hand to the object, or its 
support, will be very apparent, when it is considered that while 
the entire object may not exceed a small fraction, say, for exam- 
ple, the 20th of an inch in diameter, the entire diameter of the 
field of view may be as much as 20 times less, so that only a 20th 
part of the diameter of the object would be in any given position 
comprised within it. 

2o. These and similar circumstances have rendered it necessary 
that the want of sufficient sensibility and delicacy of the toueh in 
imparting motion to the object, shall be supplied by a special 
mechanism, by means of which the fingers are enabled to impart 
to the object an infinitely slower and more regular motion, than 
they could give it without such an expedient. The means by which 
this is accomplished will be presently explained. 

We have seen that, the intensity with which the microscopic 
image is illuminated depends on the angle of aperture, other 
things being the same ; but however large that angle may be, 
when considerable magnifying power is used, it is necessary that 
the object itself should be much more intensely illuminated than 
it would be by merely exposing it to the light of day, or that of 
the most brilliant lamp. It is therefore necessary to provide 
expedients, by which a far more intense light can be thrown 
upon it. 

24. The instrument is said to be in rocus when the observer is 
enabled to see with the eye-glass the magnified image of the 
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object with perfect distinctness ; this will take place provided the 
mutual distances between the eye-piece, the object-piece, and the 
object are suitably adjusted ; and this adjustment may be accom- 
plished by moving any one of these three towards or from the 
other two, while these last remain iixed : thus, for example, if the 
object and the object-piece remain unmoved, the instrument may 
be brought into focus by moving the eye-piece to or from the 
object-piece. The rack and pinion, already described, which 
moves the tube in which the eye-piece is inserted, can accomplish 
this. This provision, however, is not made in all microscopes. 

If the eye-piece and the object be fixed, the instrument may be 
brought into focus by moving the object-piece to or from the 
object. To effect this, it would be necessary that the object-piece 
should be inserted in a tube, moved by a rack and pinion, like 
that of the eye-piece. 

In tine, if the object- piece and eye-piece be both fixed, the 
instrument may be brought into focus by moving the object, or 
whatever supports it, to or from the object-glass. 

All these methods are resorted to in the different forms in 
which microscopes are mounted by different makers. 

25. Since nearly all material substances, when reduced to an 
extreme degree of tenuity, are more or less translucent, and since 
almost all microscopic objects have that degree of tenuity by 
reason of their minuteness, it happens that nearly all of them are 
more or less translucent; and where in exceptional cases a 
certain degree of opacity is found, it is removed without inter- 
fering with its structure, by saturating the object with certain 
liquids, which increase its transluceney, just as oil renders paper 
semi-transparent. The liquid which has been found most useful 
for this purpose, is one called Canada, balsam. When the object 
is saturated with this liquid, it is laid upon a slip of glass, about 
two inches long and half an inch wide, and is covered with a 
small piece of very thin glass, made expressly for this purpose, 
the thickness in some cases not exceeding the 100th of an inch. 
It is usual to envelope the oblong slip of gjass, in the middle of 
which the object is thus mounted with paper gummed round it, a 
small circular hole being left uncovered on both sides of the 
glass, in the centre of which the object lies. 

The slips of glass thus prepared, witli the objects mounted 
upon them, are called slides or sliders and the objects thus 
mounted are so placed, that the axis of the object-piece shall be 
directed upon that part of them which is submitted to observa- 
tion, provisions being made to shift the position of the slider, so 
as to bring all parts of the object successively under observation. 
Further provisions are also made to throw a light upon the 
28 
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object, by which it will be seen as an object is on painted 
glass. 

Since, however, there are some few objects which cannot be 
rendered translucent, expedients must be provided, by which 
they can be illuminated upon that side of them which is presented 
to the microscope. It is often necessary, also, even in the case of 
translucent objects, that they should be viewed by means of light 
thrown upon that side of them which is turned to the object- 
glass. 

26. These general observations being premised, we shall pro- 
ceed to explain the method by which the optical part of the 
instrument is mounted, and the several accessories by which the 
object is supported, moved, and illuminated. 

Let us suppose, for the present, that the eye-piece E f, fig. 13, 
and the object-piece o, are mounted in a vertical tube, with 
whose axis a a A, the several axes of the lenses, accurately co- 
incide. Let d d be a diaphragm, or blackened circular plate, -with a 
hole in its centre, placed in the focus of the eye-glass, by which 
all rays of light not necessary to form the image shall be inter- 
cepted. Let i) be a milled head, by turning which the tube 
which carries the eye-piece can be moved within certain limits to 
and from the object-piece, and let i>' be another milled head, by 
which the tube which carries the object-piece can be moved 
within certain limits to and from the object, or by which the 
entire body n n of the microscope, carrying the object-piece and 
eye-piece, can be moved to and from the object. 

27. Let s s be a flat stage of blackened metal or wood, having 
a circular hole in its centre, as shown in plan at s' s', and let it 
be fixed by proper arrangements, so that the axis A A A of the 
microscope shall pass through the centre of the circular aperture, 
and so that its plane shall be at right angle to that axis. Let a 
slider, such as we have described above, upon which an object is 
mounted, be laid upon this stage, so that the object shall be in 
the centre of the hole, and therefore in the axis A A A of the 
microscope. 

28. Let m M be a concave reflector, receiving light either from 
a lamp or a window, and reflecting it upwards towards the open- 
ing in the slider, in converging rays, so as to condense the light 
with more or less intensity upon the under side of the object ; if 
the convergence produced by ir m be insufficient, it may be 
augmented by the interposition of a convex lens c c. This may 
or may not be interposed, according as the object is smaller or 
greater, and requires a more or less intense illumination. 

The light being thus thrown upon the lower side of the object, 
the latter, being sufficiently translucent, is rendered visible by it. 
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If the object be opaque, it may be illuminated from above by 
several expedients ; being placed upon a blackened plate resting 
on the stage s s, light proceeding from a window or a lamp may 
be condensed upon it by a concave reflector m' m', or by a convex 
lens L L. These arrangements, however, are only applicable 
when the object is at such a distance from the object-piece that the 
light proceeding from m' m' or l l shall not be wholly or partially 
intercepted by the object-piece. This would always be the case, 
however, when very high powers are used, and when, conse- 
quently, the object must be brought very close to the object- 
piece. In that case, the object is supported upon a small piece 
of blackened cork, or in a dark cell of the form represented at 
w w ; this support is placed in the centre of the opening of the 
stage, so as not to intercept any but the central rays reflected 
from m ; upon the end of the object-piece a concave reflector, 
having a hole in its centre, through which the object-piece passes, 
is fixed ; the light proceeding from :\r ar, and falling upon this 
reflector, is reflected by it, so as to converge upon the object, and 
thus to illuminate it. 

A concave illuminator thus mounted is called, from its inventor, 
a licberhuhn . 

20. In the illumination of objects it is frequently necessary to 
limit, to a greater or less extent, the diameter of the pencil of 
light thrown from the reflector, M 3r, upon the object. Although 
this may partly be accomplished by varying the distance of the 
reflector from the object, or by the interposition of a convex lens, 
such expedients are not always the most convenient, and a much 
more ready and effectual method of attaining this end is supplied 
by providing below the stage, s s, a circular blackened di>c, 
capable of being turned upon its centre in its own plane. This 
disc is pierced witli a number of 
holes of different diameters, as shown 
in tig. 14, and it is so mounted, that 
the openings in it, by turning it 
round its centre, may be brought 
successively under the object. This 
is easily done by fixing the centre 
of this disc at a distance from the 
centre of the stage, equal to the 
distance between the centre of the 
disc* and the centres of the holes 
made; in it. 

This appendage is called the disc 
of diaphragms^ and is of great use in the illumination of objects, 
as will appear hereafter. 

Cl 


I’iir. 1 1. 




THE MICROSCOPE. 


As the effect of the illuminators varies not only with their 
distance from the object, but also with the direction in which the 
light directed from them falls upon the object, provisions are 
made in mounting the microscope, by which various positions may 
be given to them, so that the light may fall upon the object in any 
desired manner. 

In the frame in which the illuminator, M M, is mounted, it is 
customary to place two reflectors, one at each side, one concave 
and the other plane. By the former a converging, and by the 
latter a parallel pencil of light is reflected towards the object. 

In this general illustration we have supposed the axis of the 
instrument to be vertical ; it may, however, have any direction 
whatever; but whatever be its direction, the stage, s s, must 
always be at right angles and concentric with it. The eye-piece 
and object-piece are also supposed to be set in the same straight 
tube, with their axes set in the same straight line. This arrange- 
ment, though most commonly adopted, is neither necessarily nor 
always so. The tube which carries the eye-piece may, on the 
contrary, be inclined, at any desired angle, with that which 
carries the object-piece ; for this purpose it is only necessary to 
place in the angle formed by the two tubes a reflector, so inclined 
that the rays coming from the object-piece shall be reflected along 
the axis of the tube which carries the eye-piece. 
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30. Thus, for example, if the tube which carries the object- 
piece be vertical,- a plane reflector, m m, fig. 15, receiving the rays 


Fig. 13. 



coming in a vertical direction from the object-piece, will reflect 
them horizontally to the eye-piece e e. 

The same object would be attained with more advantage, and 
less loss of light, by means of a rectangular prism, a b c r fig. 10, 

Fig. 17. 


4 



the vertical ray, n k' being reflected by the back, A c, of the prism 
in the horizontal direction it' it". 

Since a single reflection thus made produces an inverted image, 
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it is sometimes preferable to accomplish the object by two suc- 
cessive reflections, as shown in fig. 17, where the ray, a. n, is 
successively reflected at li and c to the eye at d. And the same 
object may be attained more advantageously by means of a 
quadrangular prism, as shown in fig. 18. 

This application of the prism and reflector has been already 
explained in our Tract upon Optical Images. 

Much practical convenience often arises from the adoption of 
this expedient ; thus, while the object- tube is directed vertically 
downwards, to an object supported on a horizontal stage, or 
floating on or swimming in a liquid, the eye- tube may be hori- 
zontal, so that the observer may look in the level direction. In 
this case the two tubes are fixed at right angles, the reflecting 
surface being placed at an angle of 45° with their axes. We 
shall see hereafter a case in which, by the adoption of an oblique 
tube, several observers may at the same time, looking through 
different eye-pieces, sec the same object through one and the 
same object-glass. 


TJ1E SLTTOliT AMI 31UVK.M ENT OF Til JI OBJECT. 

31. The appendage of the microscope, adapted for the support 
of the object is called ttie stake. 

Since every motion or disturbance by which the stage may be 
affected will necessarily be increased, when seen through the 
microscope, in the exact proportion of the magnifying power, it 
is of the utmost importance that it should be exempt from all 
tremor, and that it should have strength sufficient to bear, with- 
out flexure, the pressure of the hands in the manipulation of the 
object. When a high power is used, the focal adjustment of 
the instrument requires to be so exact, that a displacement of 
the object, which would be produced by the slightest pressure 
of the fingers upon a stage not very firmly supported, would 
throw it out of focus. 

If the instrument be used for dissection, or any other purpose 
in which steady manipulation of the object is needed, it will be 
found convenient that the stage have sufficient magnitude to 
support both wrists, while the operation is performed with the 
fingers. Supports for the elbows ought also to be arranged, so as 
to place the operator completely at ease. 

32. The instrument is focussed, as already explained, either by 
moving the stage to and from the body, or by moving the body 
to and from the stage. The motion is imparted to the one or the 
other by means of a milled head placed on the right of the 
observer, which leaves a pinion working in a rack to which the 
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part to be moved is attached, liy turning this milled head one 
way and the other alternately, the observer iinds by trial the 
position which gives greatest distinctness. 

33. This, which is called the coarse adjustment, answers 
well enough when high powers are not used; but it must be 
remembered that as the teeth of the pinion successively pass those 
of the rack, the motion produced is not strictly an even and 
uniform one, but a sort of starting or intermitting motion, so that 
the instrument cannot be easily and steadily brought to rest at 
any intermediate point between the beginning and the end of the 
passage of a tooth. When high powers are used, and conse- 
quently an extremely nice adjustment of the focus required, this 
arrangement is therefore insufficient, and serves at best only for a 
first approximation to the exact focus. 

34. A supplemental expedient is therefore provided in the 
best instruments, called the elm: adjustment, which usually 
consists of a screw having an extremely tine thread, which 
being connected with the part to be moved, gives it a per- 
fectly smooth, uniform, and slow motion, entirely free from starts 
or jerks. 

In some of the best instruments these screws have as many as 
150 threads to the inch, so that one complete turn of the milled 
head moves the stage or body through only the 150th part of an 
inch, and as the head is divided into ten equal parts and moves 
under an index, a tenth of a revolution can be observed, which 
corresponds to the 1500th part of an inch. 

When the form of the object is not actually flat, and conse- 
quently all points upon it are not equally distant from the object- 
glass, they will not be all in focus together. When the distance 
of the object is such as to bring the more salient, and conse- 
quently the nearest, parts into focus, the more depressed parts 
will be too distant and consequently out of focus ; and when the 
object is moved nearer to the object-glass by a space equal to the 
heights of tlie salient above the depressed parts, the latter will be 
in, and the former out of focus, and consequently the latter will 
be distinct, and the former confused . 

When the powers used are so low that the distance of the 
object from the object-piece shall bear a considerable proportion 
to the difference of level of the salient and depressed parts of the 
object, this difference of level will not sensibly affect the focal 
adjustment ; but when high powers are used, that difference of 
level bearing a very sensible proportion to the distance of the 
object from the object-glass, the ad justment which renders either 
distinct will render the other indistinct. 

35. This optical fact has been converted with admirable address 
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into an expedient, by which the inequalities of the surface of a 
microscopic object are gauged, and its accidents analysed. Thus, 
for example, let the milled head of the fine adjustment be first 
turned so as to render the salient parts distinct, and let the 
position of the index be marked. Let it be then turned so as to 
render the depressed parts distinct, and let the new position of 
the index be marked. If one division of the head represent the 
1500th part of an inch, the differences of level, of the salient 
and oppressed parts, will be just so many 1 500th s of an inch as 
there are divisions of the milled head which have passed the 
index. 

36. One of the first difficulties which the microscopic debutant 
encounters, is that which will attend his attempts to bring the 
object into the centre of the field of view when it is minute, and 
when the magnifying power is considerable. If he is only pro- 
vided with a simple stage, without any mechanical expedient for 
moving the object, lie will soon be oppressed with the fatigue 
arising from a succession of abortive attempts at accomplishing 
his purpose. 

37. The entire diameter of the field of view will often be less 
than the 100th of an inch, so that a displacement of the slide so 
inconsiderable as to be utterly insensible to his fingers, will cause 
the object to jerk through a space greatly exceeding the entire 
extent of the field. In this w'uv the object will start from side 
to side, the motion imparted to it by the touch to bring it back 
to the field being alw r ays in excess, however carefully and deli- 
cately the manipulation may be made. Some professional 
observers, by intense and long-continued practice, surmount this 
difficulty and succeed in adjusting the slides, even with the 
highest powers, without mechanical aid ; but this is not to be 
hoped for by debutants or amateurs, except with very low magni- 
fying powers. Such persons, if they w'ould avoid the risk of 
throwing up the instrument with disgust, had therefore better in 
all cases be provided with a stage having some such expedients as 
we shall now describe. 

Upon the fixed stage, such as it has been described, a second 
stage similar in form and equal in size is placed, and is moveable 
through a certain limited space right and left, by a fine screw 
with a milled head. Another similar stage is placed upon this, 
which partakes of any motion imparted to the latter, but which 
is also moveable upon the latter backwards and forwards by means 
of another fine screw r . Upon this last stage the slide w'ith the 
object is placed, and held dow r n by springs so as to retain its 
place, whatever be the position of the stage. 

Ry turning one of these screw's (fig. 19), the object may bo 
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slowly moved right and left, and by turning the other it may be 

moved backwards and forwards, 
and, in fine, by turning both 
at the same time it may be 
moved diagonally in any inter- 
mediate direction, according to 
the relative rate at which the 
one and the other milled head 
is turned. Sometimes the two 
milled heads are on the right 
side of the stage, so that they 
can be turned either separately or together by the right hand, 
and sometimes they are placed at opposite sides, so as to engage 
both hands. 

38. It is goneralh’ found convenient to have an easy means of 
turning the object round its centre, so as to present it to the light 
in all possible positions, without displacing it from the centre of 
the field. This is accomplished by inserting in the upper plate 
of the stage a metallic disc of somewhat greater diameter than 
the central aperture of the stage, which is so fixed as to be turned 
smoothly round its centre. It is upon this disc that the slide is 
placed and held by the springs which are attached to the disc so 
as to turn with it. This disc is sometimes graduated in iiW, so 
that the observer can turn the object through any desired angle, 
a power which will be found very convenient in certain classes 
of observations. 

The arrangement consisting of a fixed with two moveable 

stages superposed is 
1 '*£• drawn in iig. 20, 

where a a a a is the 
fixed stage, and b b 
b b } v c rr the two 
stages which move 
in the grooves n n 
and m m y the one 
bh b b directed right 
and left, and the 
other cr c c back- 
wards and for- 
wards. The grooves 
in which the upper 
stage c c c c moves 
are formed in the lower stage b b b h y and those in which the 
latter moves are formed in the fixed stage a a a a. The one 
stage is moved by turning the milled heads as fixed upon the 
38 
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rod tt, and the other by turning the head rr fixed upon the 
hollow rod v , through which 1 1 passes. 

Another and more simple form of moveable stage is shown in 
fig. 21, where a a a represents a circular brass disc, having a 
circular aperture in its 
centre. Upon this a 
second disc h b b is 
placed, which is moved 
within certain limits in 
two directions, at right 
angles to each other, 
by the screws v v', 
against which the spring 
it I r L reacts. The 
entire stage is in this 
case moveable round its 
own centre. 

By these expedients 
the observer has com- 
plete command over the 
object, so as to he able 
to move it at pleasure 
in any direction, with a motion which will be smooth, slow, and 
free from jerks and starts, even when magnified with the highest 
powers. 

To centre the object, that is, to place it on the stage so' that its 
centre shall be in the centre of the field, is not so easy as it 
might appear to the unpractised in microscopic manipulation. 
To accomplish this, lot the slide he first laid across the aperture 
of the stage, the object being as nearly as possible concentric with 
the aperture. Let the stage and object-glass be brought nearly, 
hut not actually, into contact bv the coarse adjustment. Let the 
slide be then again centred, so as to render the object concentric 
with the object-glass. Let the stage he then moved from the 
object-glass until the instrument is focussed as nearly as it can 
be by the coarse adjustment. Let the object be then more 
exactly centred by the stage-screws, and more exactly focussed 
by the fine adjustment. 

It must not, however, be supposed that this elaborate process is 
necessary in the case of every class of objects. The larger sort 
can be easily enough centred by the hand, and focussed by the 
coarse adjustment ; and in the cheaper description of microscopes 
no other means are provided. For a smaller sort, the centring 
may he effected by proximity with the object-glass, and rendered 
more exact with the lingers when no stage- screws are provided. 
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But much trouble will be produced when objects of the smallest 
class requiring the higher powers are examined with instru- 
ments in which the stage-screws and fine adjustments are not 
supplied. 

39. In all cases it will be found advantageous to submit the 
object successively to a series of increasing powers. When once 
centred it will maintain its place while the object-lenses arc 
changed, so that upon each change of power no new adjustment is 
necessary except focussing. The low powers will show the 
general form and contour, the entire object being at one and the 
same moment within the field. The next powders will show the 
larger parts, and the highest will display the texture of the sur- 
face and the structure of the smaller parts. By working the 
stage-screws the object is moved like a panorama across the field 
from right to left; and this motion is repeated for various posi- 
tions given to it by the screws, which move it backward and 
forward until every part of it lias been submitted to examination. 

AVhen high powers are used the object Anil be very close to 
the object-glass, so as almost to touch it when the instrument is 
focussed. In this case, care should be taken to prevent all 
contact or friction of the object or the slide with the object-glass, 
the latter being subject from that cause to injury or fracture. 
When it is desired therefore to change an object thus viewed with 
a high power, it is always advisable to separate* the object-glass 
and stage by the coarse adjustment , before removing the one 
object and replacing it with the other, which must then be 
focussed. 

40. The greatest care should be taken to clean the slides before 
placing them on the stage, since the least particle of grease or 
dust or any other foreign matter would, when magnified, injure 
the observation and might lead to errors. 

When the object observed is in a drop of Avater or other liquid, 
or when it is itself a liquid, it will be included betAveen the 
slide and a thin glass placed upon it, in which case it is of the 
greatest importance to exclude or remove all bubbles of air, since 
they Avould present appearances under the microscope, such as 
Avould deface those of the proper object of observation. 

41. When it is required to submit a minute object to inspec- 
tion, it is sometimes desirable to submit it to pressure, either to 
retain it in one position, if it he living, or to ascertain the eftect 
of compression upon it, exercised in a greater or less degree for 
other purposes. It is often necessary also to roll it over, so as to 
present all sides of it in succession to the obserA'er. 

An instrument called a compressor has been contrived for this 
purpose, which has been constructed in a great variety of forms 
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by different makers, according to the demands of different 
observers. 

One of the most common and useful forms of compressor is 
shown in fig. 22. 

A small and very thin disc of glass is set in a brass ring i, and 
supported at two points l l, diametrically opposite, by the ends of 
a fork L r, attached to 
a lever r o, the latter 
being supported upon 
two upright pieces F, 
attached to an hori- 
zontal piece f i). This 
piece F D turns hori- 
zontally round a pivot, 
fixed near the end E 
of a strong slip of brass A n, having the form and magnitude of a 
slide used for the support of objects. At the middle c, of a n, is 
a circular hole, in which another disc of glass is set, correspond- 
ing in magnitude to the disc I. A screw% with a milled head K, 
works in the end o of the lever, by turning which in one way or 
the other, the end o, and consequently the disc i, is raised or 
depressed. 

To place the object for observation, by moving the piece J> 
round the pivot the ring t is removed from the lower disc c, 
upon w r hich the object is then deposited. The screw k being 
turned, so as to raise the disc i sufficiently to prevent it from 
touching the object, the piece i> is then turned on the pivot 
until the disc i is brought over the object. The observer 
then viewing the object in the microscope, and placing 
his hand upon the screw k, slowly turns it, so as gradually to 
compress the object, and continues this process or suspends it, or 
turns the disc I horizontally, so as to roll the object between the 
glasses, according as his course of observation may require. 

The compression may be so increased as to flatten the object, 
which in some cases is desired, so as to render it more transparent, 
while nevertheless its form becomes more or less distorted. 

42. It is sometimes required to ascertain the effects of an 
electric spark or voltaic current, transmitted through a liquid or 
solid, or through a body animate or inanimate. An apparatus 
adapted for this purpose is shown in fig. 23, where i> c is a disc 
of glass set in the middle of a slip of brass a it. The two brass 
tubes o o play upon the hinges f f, which are supported on short 
glass pillars E E. Two glass tubes, through the bores of which 
fine platinum wires a a pass, are inserted tightly into the tubes 
u o, so that they can be pushed to, or drawn from the disci), 
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where the object’ is placed. The positive and negative ends of 
the conductor of the electric machine, or the poles of a voltaic 
battery, being put in connection with the handles b b of the 


Fig. 2:;. 



platinum wire, the spark or current will pass from the point of 
one of the wires a a to that of the other, being transmitted through 
the object placed between them. 

THE ILU'MIXATIOX OF 011.1 KOTS. 

43. Among the accessories of the microscope, there is none the 
right use of which is more important than the illuminators. By 
the proper application of these , an infinite variety of beautiful 
effects are produced , and an infinite number of interesting con- 
sequences developed, while by their abuse, and by the misconcep- 
tion and misinterpretation of their indications, the most fatal 
errors and illusions may arise. 

Let any one, however inexperienced in the manipulations of a 
microscope, applying one hand to the mirror and the other to the 
disc of diaphragms, vary at pleasure tin 1 position of the former, 
and turn the latter slowly round its centre, thus shifting the 
direction, and varying the quantity of the light which falls upon 
the object, and he will witness, in looking at the object through 
the instrument, a series of appearances which will soon demon- 
strate to him how curious, complicated, and important a part the 
illuminators play in microscopical phenomena. 

44. Objects may be rendered visible in two ways, either by 
light reflected from those parts of their surfaces which are pre- 
sented towards the observer, or by light falling on the posterior 
surface, and partially transmitted through them. Opaque bodies 
can be seen only in the former way, but translucent objects may 
be seen in either of these ways. 

A translucent object presents a different appearance, according 
as it is seen by a front or back light. The leaf of a tree or plant, 
seen by reflected light, appears to have some particular tint of 
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green, showing faint traces of a certain reticulated skeleton of 
vegetable fibre. If it be held up before the sun, all light being 
excluded from the side presented to the eye, it will appear with a 
much paler tint of green, and the skeleton will become much 
more visible, the finer parts before invisible being distinctly 
seen. 

A stained glass-window viewed from the outside appears to 
have dark and dull colours, and might be taken to be opaque, 
showing no form or design. Viewed from the inside, forms of 
great beauty, and colours of remarkable splendour, are seen. 

"When we say, therefore, that objects viewed in a microscope 
present very different appearances, according as they are illu- 
minated by a front or a back light, we onty state a general fact 
common to all visible objects. 

No body can be said to be either opaque or transparent in an 
absolute sense. Bodies considered to be the most opaque, such 
as the metals, are found to be translucent when reduced to thin 
leaves. Even gold and platinum, the most dense of the metals, 
are rendered translucent under the hammer of the gold-beater, 
while glass, diamond, air, water, and similar bodies, commonly 
considered to be transparent, are proved to absorb a portion of the 
light transmitted through them, this absorption increasing with 
the thickness of the medium. There is in fine no body which 
will not become opaque if suflicicntly thick, and none that will 
not become more or less translucent if sufficiently thin. 

4o. Since microscopic objects are generally of extremely 
minute dimensions, they are all, with some few exceptions, suf- 
ficiently translucent to be rendered visible by a back light. 

It is well known that many bodies, which are opaque or nearly 
so, may be rendered translucent by saturating them with certain 
liquids. Thus, as every one knows, paper, linen, and other 
porous bodies, which when dry are imperfectly translucent, 
become much more so when wetted or oiled, or saturated with 
white wax. 

This general physical fact has special and important application 
in the preparation of microscopic objects, which are saturated 
with various liquids, proper for each of them, by which they are 
rendered translucent. 

When a translucent object is rendered visible by a back light, 
the intensity of the light must be regulated according to its 
translucency. The more translucent it is, the less intense must 
be the light. A strong back light thrown upon a very trans- 
lucent object drowns it, and renders it altogether invisible. The 
light must therefore be reduced in intensity by varying the incli- 
nation of the reflector, the distance of the lamp from it, and by 
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the interposition of smaller diaphragms, until the host effect is 
produced. The observer will acquire by practice a facility in 
making these adjustments, so as to produce the desired result. 

On the other hand, if the object be very imperfectly trans- 
lucent, the light thrown upon it must be rendered as intense as 
possible by the contrary arrangements. 

46. Different parts of the same object will generally have 
different degrees of translucency, and it will often happen that a 
light which would drown the more transparent parts will be no 
more than sufficient to display the more opaque parts. In such 
cases the observer will have to vary the light according as his 
attention is directed to one part or the other. 

Tt must not be inferred that the darker parts are in this case 
really darker than those which are more transparent. The 
lesser degree of translucency more frequently arises from the 
different thickness of different parts of the object, the thicker 
parts absorbing more light, and therefore appearing of a darker 
tint than the thinner. If the varying transparency arise from this 
cause, the apparent lights and shadows or tints of colour must be 
taken as mere indications of the inequalities of thickness of a 
body of which the real colour is uniform. 

The difficulty which an observer encounters in ascertaining the 
real form of an object, and the accidents of its surface when seen 
in a microscope by a back light, is partly owing to the fact that 
the eye is habituated to view objects almost exclusively by front 
lights, and the impressions produced of their forms are always 
deductions of which we are rendered unconscious by habit, by 
which the characters of these surfaces are inferred from the lights 
and shadows which are impressed on the organ of vision, jfot 
having the same habit of seeing objects by a back light we cannot 
so easily make similar deductions, and we are apt to judge of the 
objects as if in fact they were illuminated with a front light. 

The judgment is also more or less perplexed, and deceived by 
the fact that microscopic objects are as it were placed before the 
eye in an unnatural state of proximity, which give them a visual 
character totally different from that which objects have, viewed 
in the usual way with the naked eye. 

It must be evident, therefore, how much attention and address 
on the part of the observer arc indispensable to enable him to 
disentangle their physical causes from such complicated effects, 
and to give their appearances a right interpretation. 

47. If an object, of which the surface is marked by numerous 
inequalities and asperities, be illuminated by a light which falls 
perpendicularly upon it, or which is scattered indifferently in all 
directions, an observer placed directly over it will be in general 
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unable to perceive the elevations or depressions, all being pro- 
jected upon the same ground-plan, and all being similarly illu- 
minated. But if the light fall upon it with a certain and regular 
obliquity, lights and shadows will be produced which will enable 
him to infer the accidents of the surface and the real form of the 
object. 

The due consideration and application of this general optical 
fact will enable the microscopic observer to submit the object of 
his inquiry to such a visual analysis as will unfold at least a close 
approximation to its real form. 

48. If the object be viewed by a front light proceeding from 
the concave mirror m m, fig. 13, or reflected by the Lieberkuhn, 
this effect will not be produced ; for although the light reflected 
from the Lieberkuhn is not perpendicular to the object, it is scat- 
tered in all possible directions, so as utterly to remove all possi- 
bility of lights and shadows. An expedient is sometimes adopted 
m which light projected h}' a concave mirror or lens, properly 
placed, is directed only on one side of the Lieberkuhn, which is 
necessarily productive of lights and shadows. 

But the purpose is much more simply and effectually attained 
by removing the Lieberkuhn altogether, and directing the illu- 
mination with the necessary obliquity upon the object by means 
-of a reflector or lens placed as shown at m' m' or L L. 

Those methods are always practicable except when a magnifying 
power is used so high as to render it necessary to bring the object 
almost into contact with the object-glass, in which case the 
mounting of the latter would intercept the light, whether pro- 
ceeding from the Lieberkuhn, the lens, or mirror. In such cases 
tlm object can only he illuminated by a hack light. 

If the object be illuminated by a back light thrown obliquely 
upon it, the lights and shadows, strictly speaking, can only be 
produced upon the posterior surface. Nevertheless, the light 
passing obliquely through the anterior surface will produce dark 
and light tints, according to the angle at which it strikes the 
several superficial inequalities and accidents of that side of the 
object. It will be evident, therefore, that very complicated effects, 
in which the disentanglement of the forms which produce them 
is extremely difficult, must ensue. 

Nevertheless, the attentive and practised observer, by presenting 
the illumination successively in various directions, by properly 
varying its intensity, and examining the object as well by front 
as by back illumination, when both are practicable, can generally 
arrive at a pretty clear knowledge of its form and parts. 

49. When the object is illuminated by a hack light, optical 
phenomena, called diffraction and interference, are produced, 
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against which tlio observer must be on his guard. The effects of 
these are to surround the outline of the object with coloured fringes. 
By limiting the illumination as far as it is practicable to the object 
itself, so as to avoid the transmission of any light through the 
opening of the slide, except what may pass through the object, 
this effect may be diminished or avoided. 

Indeed, for many reasons, it is advantageous to prevent any 
light from passing through the slide, or through the opening of 
the stage, except what is employed in illuminating the object. 
All such light is liable to fall in greater or loss quantity upon the 
object-glass, and, passing through it, has a tendency to render the 
image obscure and confused. For this reason, all extraneous 
light whatever should he as far as possible excluded from the 
space around the microscope, for all objects on which such light 
falls will reflect a part of it, some of which may fall upon the 
object-glass. 

.10. When the light of the shy or clouds is used, an aperture 
may he made in a window-shutter for its admission, all the other 
windows of the room being closed, and the light proceeding 
from the aperture being received upon the mirror or lens, by 
which it is directed and condensed upon the object. The light 
of a white cloud, strongly illuminated by the sun, is generally 
considered the best form of day-light which can he used, and 
that of a blue serene sky the worst. Observers differ as to the 
direct light of the sun, some maintaining that in no case what- 
ever should it he used, while others give it a preference for 
minute objects seen under high powers, and therefore requiring 
intense illumination. 

The light reflected from a white wall upon which the sun 
shines is a good source of illumination. 

01. If artificial light be used with low powers, a common sperm 
candle will serve well enough, hut means should he adopted to 
prevent the flickering of the flame. 

An argand lamp, however, is, in all cases, preferable, as giving 
a steady invariable light. It will he improved if good olive oil 
be used instead of the fish oil. 

The flame produced by the liquid known as camphine is 
especially pure and white, and well fitted for microscopic 
researches. 

Whatever be the artificial light used, it ought to he surrounded 
with a shade, and so placed as to fall only upon the mirror or 
lens by which it is directed to and condensed upon the object. 

52. It is advantageous to protect the eyes of the observer from 
extraneous light: the most simple and convenient method of 
effecting which is bv a circular blackened pasteboard screen 
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about a foot in diameter, having a hole in its centre, through 
which the tube of the eye-piece is passed. This screen is then 
at right angles to the axis of the body of the instrument, the 
eye-piece projecting about an inch from it. The observer looking 
into the eye-glass with one eye, need not incur the exertion and 
fatigue of closing the other, since the screen performs the office of 
the eye -lid. 

The mirrors are sometimes made with a concave glass at one 
side, and a plane glass at the other, the latter being used when 
condensation is not required. A disc formed of plaster of Paris, 
reduced to an extremely even and smooth surface, either plane 
or concave, is sometimes used with advantage when a soft and 
mild light is required. Nearly the same effect may be produced 
by placing a disc of white card upon the face of the mirror. The 
illumination by a back light is attended with a peculiar advan- 
tage, inasmuch as it displays the internal structure of objects, 
and, in the case of organised bodies, supplies beautiful means of 
exhibiting the circulation ; as, for example, the circulation of the 
blood in animals, and the sap in vegetables. In the case of certain 
animalcules, it shows some living and moving within the bodies of 
others. 

513. The following observations of Mr. Pritchard are worthy of 
attention : — “ Wc must consider that in all bodies viewed by 
intercepted light, there is, properly speaking, neither light nor 
shade, in the ordinary acceptation of these terms ; there are only 
dark and light parts, which again assume new aspects as the light 
is more or less direct or oblique. Thus depressions on transparent 
objects are almost sure, under the action of oblique light, to 
assume the effect of prominences ; but prominences seldom or 
never have the semblance of depression. As almost all diaphanous 
bodies can be examined as opaque objects, a scrutiny of them in 
this way will generally be found greatly to assist our judgment 
concerning their nature, whether they admit of being cut into 
sections or not. It would be easy to write a volume on this 
subject only, if we commenced an illustration of particulars which 
could not be rendered clear and satisfactory without a vast number 
of figures. Long practice must, after all, determine our opinions, 
and scepticism should ever form a leading feature in them; we 
should suspect rather than believe . 

“ Opaque objects arc not, upon the whole, so liable to produce 
optical deceptions as transparent ones, because wo are more in the 
habit of viewing ordinary bodies by reflected or radiated light. 
The most common illusion presented by them is that of showing a 
basso-relievo as an alto-relievo ; the reverse deception sometimes 
occurs also, but more rarely. This effect occurs in ordinary objects 
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viewed by the naked eyes, as well as in microscopes, especially if 
but one eye is employed. Thus, if we look intently for some 
time at a basso-relievo (a die of a coin, for example), illuminated 
with very oblique light , it at first appears in its true character ; 
but, after a little while, some point on which we more particularly 
direct our gaze will begin to appear in ally the whole rapidly 
follows ; in a little time the effect wears off, and wc again sec it 
in bas-relief ; then again in alt ; and. so on, by successive fits. 
This deception arises from the simple circumstance that the lights 
and shades in bas-relief are very nearly like those of an alto - 
relievo of the same subject , illuminated from the opposite side ; 
our understanding in this case instantly corrects the false testi- 
mony of the eye, when we consider from which side the light 
comes, (If we observe with a microscope, we must remember that 
its image is inverted , and that in consequence the light must be 
considered as proceeding from the side of the field of view oppo- 
site to that where the source of illumination actually exists.) It 
will also be highly advisable, when we are in doubt as to the 
manner in which an instrument shows prominences and depres- 
sions, to verify its vision by observing some known object with it, 
of the real state of which, as to inequality of surface, we have 
been previously informed by the sense of touch, to which it lias 
been well said there is no fellow.” * 

* “We usually see objects illuminated from above with the shadows below 
the prominences ; now, unless the light is below an opaque object, when 
we view it in an engisenpe, we shall see the shadows above, giving the 
prominences the appearance of depressions, and producing a very unnatural 
effect.” 
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“ Illumination, by cups or silver specula, does not produce these 
illusions, because they create no shade — the whole object is one 
mass of intense light ; other false perceptions are, however, occa- 
sioned by them. Thus, all globular bodies, having polished sur- 
faces, reflect an image of the cups, and the spout , if there is one, 
appears as a dark spot in the centre. The eyes of insects, illumi- 
nated in this way, show the semblance of a pupil in the centre of 
each lens, which deception may be verified by examining small 
globules of mercury in the same manner. Spherical bodies, with 
bright surfaces, will even, on some occasions, reflect an image of 
the object-glass and its setting, on the same principle ; so that 
we must perpetually consider the laws of the refraction and reflec- 
tion of light, in all the conclusions we draw from the evidence 
even of the very best instruments, used with every possible 
precaution. 

“Lastly, it must bo observed, that in using microscopes, we 
must never attempt to verify an object concerning which we arc 
uncertain, by increasing the depth of the eye-glass iinmoderatelv, 
so as in this way to obtain a very high power. A negative eye- 
glass, of about one-fourth of an inch focus, is the deepest which 
should ever be employed, even with a short body; for a microscope 
only shows a picture of an object, and the more it is amplified the 
more its imperfections are developed. It is, on this account, 
much safer to trust to moderate powers in these instruments, in 
preference to high ones, unless they arc obtained through the 
medium of the depth and power of their objective part. It is the 
nature of deep eye-pieces to cause all luminous points to swell out 
into discs, and to render the image soft, diluted, and nebulous, 
at length all certain vision fades away, and the imagination is 
left to its uncontrolled operation. Single and compound magni- 
fiers, having to deal with the real object, may be made of any 
power which cun be used ; and if our eyes are strong, and habi- 
tuated to their use, we may place great reliance on their testi- 
mony; but we must never allow them to persuade us to Ixdievo 
marvels which are manifestly impossible, op contrary to the known 
laws of nature and right reason.” 

MEASUREMENT OF OBJECTS. 

54. The determination of the real magnitude of microscopic 
objects, and that of the magnifying power of the instrument, are 
problems closely connected but not identical. Either may be 
solved independently of the other. 

55. If two objects be placed at the same time within the field 
of view, the real magnitude of one of which is known, that of the 
other may be at least approximately estimated by comparison. 
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Since they arc equally magnified, tlieir real will be in the jwepor- 
tion of their apparent magnitudes. If, therefore, tliey appear 
equal, they will be equal, and if that which we desire to measure 
appear to be twice or half the size of that whose magnitude we 
know, its real magnitude will be twice or half that of the latter* 
Such was the micrometric method used by the earlier observers. 
Thus Lewcnhoeck procured a number of minute grains of sand, 
sensibly equal in magnitude, and placing as many of them in a 
line, and in contact, as extended over the length of an inch, he 
ascertained the fraction of an inch, which expressed the diameter 
of each. When he desired to ascertain the actual magnitude of an 
object seen with his microscope, he placed one of these grains 
beside it, and estimated by comparison the magnitude of the 
former. 

Various natural objects, whose magnitudes are known, and 
which arc subject to no perceptible variations, such as the sporules 
of Lycoperdon bovista or pull-ball, whose diameter is the 8500th 
of an inch, those of the lycopodium, which measures the 940th 
of an inch, and others such as hair, the filaments of silk, flax, 
and cotton, and the globules of blood, have been suggested as 
standard measures to be similarly used. 

More modern observers, adhering to the same method, have 
substituted artificial for natural standards. Thus extremely fine 
wire, called iiiicrometric wire, has been used. This wire can be 
drawn with an astonishing degree of fineness. Dr. Wollaston 
invented a process by which platinum wire was produced, whose 
thickness was only the 30000th part of an inch.* 

50. Such measurements are now more generally made by means 
of a minute scale engraved on glass, with a diamond point. Let 
us suppose, for example, a line, the 20th of an inch in length, 
traced across the centre of a glass disc, set in a thin brass plate 
of the size and form of the sliders on which objects arc mounted. 
Let this line be divided into 100 equal parts, every fifth division 
being distinguished by a longer line, and every tenth by a still 
longer one. Each of these divisions will be the 2000th part, 
the intervals between the fifth divisions will be 400th, and that 
between the tenth divisions the 200th part of an inch. This 
microscopic scale will be seen magnified with the microscope, and 
any microscopic object laid upon it will be seen equally magnified, 
so that its dimensions can be ascertained by merely counting the 
divisions of the scale included between those which mark its 
limits when plaeod in different positions on the scale. 

It may perhaps be thought impracticable to make divisions so 

* Handbook of Natural Philosophy, 2d edition, Mechanics, 38. 
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minute upon the glass, with the necessary precision, especially 
when it is remembered that any error or inequality will necessarily 
be augmented in the exact proportion, of the magnifying power 
with which suoh a scale is seen. Nevertheless this difficulty has 
been most successfully overcome, and combinations of screws and 



wheels have been contrived, by which the diamond point is moved 
by self-acting mechanism, so as to trace the successive divisions 
of scales of astonishing minuteness. Scales arc thus produced, 
the divisions of which are no greater than the 23000th part ot 
an inch. 

This extreme minuteness is, however, rarely necessary or desira- 
ble in microscopic researches, and the divisions of the scales in 
more common use vary from the 1000th to the 2000th of an inch. 
In the scales delivered with moderately good French instruments, a 
millimetre is divided into one hundred parts. A millimetre being 
about the 25th of an inch, these divisions would therefore be the 
2300th of an inch. (See Tract on Microscopic Drawing and En- 
graving, Museum, vol. vi.) 

The process described above, in which the object is measured 
by superposition upon the micrometrir scale, is attended with 
several practical difficulties and objections. The object, when 
thus placed, is always nearer to the object-glass than the scale, 
and when it is in focus, the scale is out of focus and invisible : 
and, on the other hand, when tin* scale is in focus, the object is 
out of focus and indistinct. "When low powers only are used, 
this difference between the focus of the object and that of the 
scale being inconsiderable, will not prevent the success of the 
operation ; but when the powers are high, it can never be satis- 
factorily, and sometimes not at all effected. 

There is still another objection to the process. The placing and 
displacing of objects frequently on a surface so delicately engraved, 
subjects it to friction, which soon spoils and effaces the divisions. 

If the divided surface be protected, as it may be, by a plate of 
glass laid upon it, the difference between the distances of the 
object and the scale from the object-glass is augmented by the 
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thickness of the glass. which covers the scale; and however thin 
this glass may be, where high powers are used, it will render the 
difference of the foci of the scale and the object so sensible, that 
they can never be both seen with sufficient distinctness at the 
same time. 

57. We know no greater example of the inexhaustible resources 
of art, and the untiring zeal with which its cultivators minister to 
the wants of science, than the wonderful perfection to which the 
mechanical division of a material so fragile as glass has been 
carried. For the reasons wc have here stated, as well as because 
in the application of the highest magnifying powers the object- 
glass of a microscope requires to be almost in contact with the 
object, without actually touching it, microseopists required 
extremely thin plates of glass to cover delicate objects mounted 
on their slides. Messrs. Chance of Birmingham responded to this 
demand by the production of plates of glass so thin, that three 
hundred of them piled one upon the other are no higher than 
un inch. 

For examples still more striking of the minuteness with which 
lines may be traced upon glass by -mere mechanical proeesses, we 
may refer the reader to that part of our Tract upon Microscopic 
Drawing and Engraving, in nhich the test plates of Mr. Nobert 
are described. 

58. One of the most evident expedients for the measurement of 
microscopic objects would seem to he the micrometer screw, which 
is applied with so much success, and with results of such extreme 
precision, in astronomical instruments. Various methods of apply- 
ing it to the microscope will suggest themselves to every one who is 
familiar with its uses in the observatory. Let two filaments of 
spider’s web, or micrometrie wire, be extended at right angles 
across the field in tin • focus of the 
eye-piece. These will divide the field 
horizontally and vertically at right 
angles, intersecting at its centre, as 
shown in tig. 25. Now suppose 
the stage supporting the object is 
capable of being moved by a micro- 
meter screw, having for example 
one hundred threads to the inch. 

Let the object be placed first so that 
its length shall be .horizontal, and 
. let ' tlie slip he adjusted so that 
the vertical micrometric wire b l V 
shall coincide with one of its extremities. Let the micrometer 
screw be now turned so that the object shall more horizon- 
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tally* It will appear to pass gradually under the vertical wire 
until its other extremity shall coincide with that wire. If then 
the number of complete turns, and parts of a turn of the screw 
be counted, the length of the object then will be known. Thus, 
if at the end of every complete turn, the screw produce an 
audible sound like the tick of a clock, the observer can count 
the complete turns, and if the circumference of the head be 
divided into 100 parts, and that an index be fixed upon the 
stage to indicate the position of the head at the commence- 
ment, the decimal parts of a turn can be ascertained, each divisiou 
of the head corresponding to the 100th part of a complete turn, 
and therefore to the 10000th of an inch. 

By turning the stage so that the screw will cause the object 
to- move across the field in the direction of the vertical w T ire, its 
dimensions in the other direction can be ascertained. 

59. A simple and ingenious micrometer for ascertaining the 
dimensions of such objects as would bear a slight pressure without 
change of form, was invented by M. Le Baillif. A plan and 
vertical section or side view of this are shown in fig. 26. 

Two upright pieces, c c y are fixed in a slip of copper, formed 
like one of the slides, Inn ing a circular hole in its centre, in 
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which is set a plate of glass, on which a scale o is engraved. 
Upon this is placed a moveable piece, r, <?, having a similar hole 
and plate of glass, with a line line engraved upon it at right angles 
to the scale, so that wiien it is moved from left to right this fine 
line will coincide necessarily with all the divisions of the scale. 
From this piece, tw r o rods proceed, which pass through holes in the 
upright pieces c c , and one of tliem iw reacted upon by a piece of 
watch-spring, /, while the other abuts against the end of a fine 
screw, l, wdiich moves in a nut, il. 

When an object is to be measured, the index line upon the 
upper glass disc is brought to coincide with the first division or 
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retire from the piece e e, tne spring J tnen pressing tins piece to- 
wards the screw. The object to bo measured is then inserted 
between the end of the rod projecting from e and the screw, and 
consequently the piece e e and the index line engraved upon it 
will be pushed from left to right through a space equal to the 
thickness of the object. This thickness may then be ascertained 
by observing with the microscope the division of the scale to 
which the indicating line has been advanced. 

60. A micrometer, having some resemblance to this, but made 
more applicable to the general purposes of microscopic measure- 
ment, has lately been contrived by Mr. Jackson, a description of 
which is published in the ‘ 4 Transactions of the Microscopical 
Society.” 

A disc of glass, upon which a raicrometric scale is engraved, is 
set in a thin plate of brass, which moves with a sliding motion on 
another plate, in which a corresponding hole is made. The former 
is like that of M. Le Baillif, urged by a tine screw in one direc- 
tion, and driven back by a spring in the other, as shown in tig. 24. 
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This micrometer slide is inserted in the tube of the eye-piece by 
openings in the sides of the tube, as shown at m in fig. 27, which 
openings can be closed when the micrometer is not used by sliding 
covers, as shown at a, tig. 28. 

It is easy to see how this contrivance is applied. The scales 
magnified by the eye-glass are projected upon the optical image of 
the object produced by the object-glass, and this image may be 
made to move so as to bring its extremity to coincide with the first 
division of the scales. The scale will then show not only the dimen- 
sions of the entire object, but those of its parts. The object may 
be turned in any direction relatively to the scale that may be 
desired, by means either of the hand or the stage adjustments. 
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It is necessary, however, before applying this micrometer to 
the measurement of objects, to ascertain the value of the divi- 
sions of the scale relatively to the object, since the immediate 
subject of its measurement is, not the object itself, but the optical 
image of the object produced in the focus of the eye-piece hy the 
object-glass : and this preliminary valuation is the more necessary, 
inasmuch as the relative magnitude of the image, compared with 
that of the object, will vary with the power of the object-piece. 

To ascertain, then, the value of the divisions of the scale, let 
another micrometric scale, the divisions of which arc known, he 
placed upon the stage. An image of this scale, magnified as that 
of an object would be, will then be formed in the focus of the 
eye-piece, and the other scale will he seen projected upon it. Let 
the positiou of the two scales he so adjusted by the stage arrange- 
ments that !hc first division of the one shall be projected on the 
iirst division of the other. Hy observing then the next divisions 
of tin* two which coincide, the relative value of the scales will he 
known. Thus if ten divisions of the eye-piece scale exactly cover 
100 divisions of the other, and if each division of the latter he the 
1000th of an inch, one division of the eye-piece scale will corre- 
spond to the 10000th part of an inch in the dimensions of an object. 

It is evident that the value of the divisions of the scale should 
be determined for each object-piece which the observer uses. 

01. The combination of the camera lucida with the micro- 
metric scale lias supplied a very simple and convenient method of 
measuring microscopic objects. 

It has been shown in our Tract upon The Camera Lucida, 
that hy that instrument the image of an object magnified in any 
desired proportion can be thrown upon a sheet of paper upon 
which its outline can be traced. The micrometric scale is first 
thus projected, and its divisions, or as many of them as are con- 
sidered necessary, are traced upon the paper. Another similar 
series of divisions being- traced at right angles to the former, tin- 
part of the paper corresponding to the held of view is divided into 
a system of squares, like those into which a map is divided by tin- 
lines of latitude and longitude. The micrometric slide being 
removed from the stage, the slide with the object is substituted 
for it, and the observer sees the image of the object, similarly 
magnified projected upon the paper, already spaced out hy tin- 
squares. He can therefore count the number of squares occupied 
by its length and breadth, and by the length and breadth of its 
several parts, or, better still, lie can trace its outline upon the 
paper, so that its dimensions and those of all its parts can be 
exactly ascertained. Thus, if each division of the scale is the 
1000th of an inch, tin* side of each square will represent the 
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1000th ol' an inch, and these sides may themselves he easily sub- 
divided into ten or 100 parts, so as to carry the measurement to 
lOOOOths or lOOOOOths of an inch. 

In fig. 20 the field of view is represented spaced out in this 
manner, with the outlines of objects traced upon it. 

Such a scale once drawn upon the paper, will servo for the 
measurement of any objects which may be submitted to the 
microscope ; but it is most essential that in all such measurements 
the paper be kept at exactly the same distance from the camera, 
and that neither the object-glass, the eye-glass, nor the stage 
shall suffer any change in their relative positions. 

Fig. 2!>. 



It lias been shown that the magnitude of the image received on 
the paper increases with the distance of the paper from the 
camera.. If, therefore, the paper be placed at a greater or less 
distance from the camera to receive the image of the object than 
that at which it was placed to receive the image of the micro- 
metric scale, the imago of the object will be produced upon a scale 
greater or less than that on which tlio image of the micrometric 
scale was produced, and consequently the one cannot he taken as 
a measure of the other. 

If any change be made in the relative positions of the eye- 
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piece, object-piece, and stage, a corresponding change would be 
made in the magnifying power of the instrument, and a conse- 
quent change in the dimensions of the picture of any object 
projected by the camera on the paper, though no change be made 
in the distance of the paper from the camera. 

In fine, the method of measuring the actual dimensions of a 
microscopic object by means of a scale drawn with the aid of the 
camera, requires that the instrument and the paper shall be in 
precisely the same state when the image of the object is projected 
on the paper as they were when the scale was drawn upon the 
paper. 

If this condition be observed, measurements can be made by 
the camera with all the necessary facility and precision. 

62. In microscopic researches it is frequently necessary to 
measure the angles at which the lines which form the contour of 
objects are inclined to each other. Various forms of goniometers * 
have been contrived for this purpose. One of the most simple 
and convenient of these consists of a circular plate of brass c c, 
fig. 30, having a central opening in which a disc of glass is set, 
on which a diameter d b is engraved w T ith a diamond point. 
Upon this, and concentric with it, another similar plate, toothed 
at the edge, is placed, having also a disc of glass of the same 
magnitude set in it, with a diameter a c in like manner engraved 
upon it. Upon the plate c r an ear is cast, in which a pinion is 
inserted, which, working in the teeth of the second disc, gives it 
a motion round its centre, by which the diameter a c is. made 
successively to assume all possible angles with the diameter d b. 

This piece is inserted in the eye-piece a n, a side view of which 

is shown in fig. 31, so as to be 
concentric with the lenses, and 
to coincide with the focus of 
the eye-lens. The lines a c 
and b d will then be seen pro- 
jected on the image of the 
object, and if the vertex of the 
angle it is desired to measure 
he brought, by means of the stage adjustments, to coincide 
with the centre o of the disc a b c d, where the two engraved 
diameters intersect, and so that one side of the angle to he 
measured shall coincide with the fixed line d b , the line a c can 
he turned by the pinion f, until it shall coincide with the other 
side. A graduated circle which surrounds the disc will then 
show the magnitude of the angle at which b d and a e are inclined. 

* From the Greek word y 6vv ( tjouu ), knee. 
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THE MAGNIFYING 1*0 WEE. 

68. It has been well said, that a question clearly put is half 
resolved. There is no term in microscopic nomenclature so 
familiar to the ear, and so flippant on the tongue, as the “ magni- 
fying power ; ” yet there is none respecting which there prevail 
so much confusion and obscurity. The chief cause of this is the 
neglect of a clear and distinct definition of the term. 

It has been already shown, that the magnitudes observed with 
the microscope arc visual, not real. We can say that such or 
such an object seen in the microscope has a magnitude of so many 
degrees, but not at all one of so many inches. Strictly speaking, 
the same is true of all objects seen in the ordinary way ; but in 
that case the mind is habituated to form an estimate of their real 
magnitudes, by combining the consideration of their apparent 
magnitudes with their distances. It is true that we are uncon- 
scious of the mental operation from which such estimates result, 
but it is not the less real. Our unconsciousness of it arises from 
the force of habit, and the great quickness of the acts of the 
mind. Every one who has been familiar with intellectual pheno- 
mena knows that such unconsciousness is found to attend all such 
acts as are thus habitual and rapid. 

64. But when objects arc looked at in a microscope, the mind 
not only docs not possess the necessary data to form such an 
estimate, but the conditions under which the visual perceptions 
are formed are so unusual, and, so to speak, unnatural, that it is 
incapacitated to form an approximate estimate even of the visual, 
to say nothing of tint real, magnitude of the object of its 
perception. 

The visual magnitude of an object, as seen in a microscope, is 
the angle of divergence of linos supposed to be drawn from the 
eye to the limits of the imaginary image formed by the eye-glass, 
which is the immediate object of perception. When we say, 
therefore, that the instrument has such or such a magnifying 
power, every one will comprehend that it is meant that this visual 
magnitude is so many times greater than the visual magnitude 
which the object would have, if it were seen in the usual way 
without the interposition of any optical expedient. 

So far all is clear, and so far there can he no difference of 
opinion on the point, provided only that the latter member of the 
sentence he clearly defined. What is the “visual magnitude 
seen in the usual way ? ” There arc many ways of looking at an 
object, and “the usual way” depends much on the magnitude 
of the object. We can see well enough the dome of St. Paul’s 
Cathedral at the distanoe of half a mile, while we cannot see a 
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small insect at the distance of a yard. The same object may be 
viewed at different distances, and will have different visual mag- 
nitudes, these magnitudes being greater as the distance is less. 
The visual diameter of a small object, seen from the distance of a 
yard, is three times less than when seen from the distance of a 
foot. It appears, therefore, that the “visual magnitude of an 
object seen in the usual way with the naked eye,” is a terra of 
comparison which, without some further condition to limit it, has 
no fixed meaning, and consequently leaves the “ magnifying 
power” of which it is made the standard, altogether vague and 
indefinite. 

60 . The visual magnitude therefore which is made the standard 
of magnifying power, must he the visual magnitude at some 
arbitrary distance conventionally assumed. As we have already 
stated , it has been generally agreed, since micrography has taken 
the rank of a special branch of science, to adopt ten inches as the 
.standard distance. This distance is recommended not merely on 
account of the arithmetical facility which arises out of its decimal 
character, hut because it agrees sufficiently lor all practical 
purposes with the standard derived from the measures of other 
countries. In France, for example, the standard usually adopted 
is twenty-five centimetres, which is equal to fi’427 inches, being 
less than ten inches by only about the sixth of an inch. 

According to this convention, then, the magnifying power of a 
microscope would be the number of times the visual diameter of 
the object viewed with the microscope is greater than its visual 
diameter viewed by an eye placed at ten inches from it. Thus, 
if the visual diameter of an object seen at the distance of ten 
inches be fifteen minutes of a degree, and the visual magnitude of 
the same object seen with a microscope be two and a half degrees, 
or 100 minutes, the magnifying power will be ten. 

Hut an objection will even still be raised. The object may be 
so small that at the distance of ten inches it would not be visible 
at all with the naked eye. Ml ay, it may he, and in the ease of 
microscopic objects often is, so minute that it would not ho per- 
ceptible to the naked eye at any distance, however small. In 
that case it may be asked, What is to be understood by “its visual 
magnitude at the distance of 10 inches r” 

This point wfill require some explanation. There is a certain 
limit of magnitude within which an object will cease to make any 
sensible impression of its magnitude or form upon the eye. This 
minor limit of magnitude varies with different individuals, and, 
in the case of the same individual, with different objects according 
to their colour, illumination, the ground on which they are pro- 
jected, and many other conditions which it is not here necessary to 
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discuss. It will suffice; to say that there is such a limit. If the 
visual angle formed by lines diverging from the eye to the extre- 
mities of the object he within this limit, the object will not be per- 
ceived ; or, to speak with more rigour, its magnitude and form 
will not be perceived.* 

In such cases, therefore, the visual magnitude of an object, 
without the intervention of the microscope, must be understood 
to mean the angular divergence of the rays which would be drawn 
from a point placed at ten inches from the object to its extremities. 
This would be the visual magnitude of the object “ if it could be 
seen ” at that distance. 

Inline, therefore, the definition of the magnifying power of a 
microscope will be clear, distinct, and adequate, if it be stated 
thus : — It is the quotient which would be obtained by dividing 
the visual magnitude of tin; object, as seen in the microscope, by 
the visual magnitude which the object would have to a naked eye 
placed at ten inches distance from it, supposing the eye to have 
sufficient sensibility to perceive it at that distance. 

Kvery one is more or less familiar with real magnitude, so that 
when an object- of ordinary dimensions is placed before them they 
can give at least a rough estimate of its actual dimensions. The 
same facility of estimating visual magnitude does not exist, 
although, in fact, we receive the impressions of visual much more 
frequently than those of real magnitude. The estimate of visual 
magnitude, however, enters into all microscopic inquiries as an 
element and condition of such importance, that all those who use 
the instrument, whether for the purposes of serious research or 
rational amusement and instruction, would do well to familiarise 
themselves with it. Some observations illustrative of such sen- 
sible impressions will therefore, we presume, be not unacceptable 
to our readers. 

Ml. Our great familiarity with real magnitude arises from our 
intimate knowledge of certain standard units by which it is 
counted. There is no one, however little educated, that has not 
a pretty clear notion of the length expressed by an inch, a foot, 
and a yard. Let us see whether we may not enable any one with 
common attention to acquire an equally clear notion of the 
standard units of visual magnitude. 

Every one is familiar with the apparent magnitude of the disc 
of the full moon. It is visible to the whole world, and seen for 
several nights in each month during the entire life of every indi- 
vidual. Now it happens that the visual magnitude of its diameter 

* The fixed stars are visible as mere luminous points, but their forms 
and magnitudes are not perceivable, owing to the extreme smallness of 
their visual angle produced by their enormous distances. 


61 



THE M1CK0SC0PE. 


is just half a degree , which means, that the angular divergence of 
lines drawn from the eye to the extremities of the diameter is the 
same as that of two lines drawn from the centre of a circle to the 
extremities of an arc, which is the 720tli part of the entire circle. 
Every one, therefore, who is familiar with the appearance of the 
full moon, will he as familiar with the meaning of a visual angle 
■of half a degree, and, consequently, of a degree as they are with 
the real magnitude of an inch or a foot. 

The distance of the moon has been ascertained to be 120 times 
its own diameter, and it is evident that any circular disc whatever, 
whose distance from the eye is 120 times its own diameter, will 
have a visual angle equal to the diameter of the moon, and there- 
fore to half a degree ; and, consequently, one whose distance is sixty * 
times its own diameter, would have a visual angle of a degree. 

Thus, in tig. 02, there are five white discs shown upon a black 
ground : the diameter of the first is the 6th of an inch ; that of 
the second, the 1 2th ; that of the third, 
the 25th ; the fourth, the 50th ; and 
the fifth, the 100th. If these be held at 
ten inches from the eye, the first disc, 
l A, will have a visual angle of b ; the 
second, n, one of 30' ; the third, c, 
j about 15'; the fourth, n, 7b ; and, in 
5 fine, the fifth, E, 3$'. 

It follows, therefore, that an object 
» which when viewed with a magnifying 
power of 1000, appears w T ith the same 
, visual diameter as the moon, or as the 
s disc n, fig. 32, placed at 10 inches from 
the eye, must have a real diameter no 
^ greater than the 12000th part of an 
inch. 

Having familiarised himself with 
some such standards of visual magnitude 
ns these, and once knowing the magnifying power of his instru- 
ment, an observer can easily make a rough estimate of the real 
magnitudes of the objects under view. 

67. But for this, as well as many other purposes of microscopic 
research, it is necessary that the actual magnifying power of the 
instrument be ascertained. 

The most simple and direct means of accomplishing this are 
supplied by the camera lucida. 

* More strictly 57*3 times ; but the round number will be sufficient for 
the above illustration. 
t>2 
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Let a micromctric scale, such as we have already described, be 
placed on the stage, the instrument focussed, the camera attached, 
and a sheet of paper placed at 10 inches from it. An image of 
the scale being seen on the paper, let any two contiguous divisions 
of it be marked with the pencil. Let the distance between these 
marks be then exactly measured, and let it be divided by the 
actual length of the divisions of the scale. The quotient will be 
the magnifying power. 

Thus, for example, le t us suppose that the micrometric scale is 
the 20th part of an inch, and that this length is divided into 100 
parts, each of these parts will be the 2000th part of an inch. Now 
suppose that it is found that the distance between the images of 
two contiguous divisions on the paper, is four-tenths of an inch. 
It will follow that the visual magnitude of a division of the scale 
is magniiicd in the proportion of to that is, as 1 to 1000. 
The magnifying power would therefore be a thousand. 

There arc other methods of ascertaining the magnifying power, 
but this is so simple, so easily produced, and so precise, that we 
shall not detain the reader by any notice of others. 

Microscopes being generally supplied with several object- 
glasses, and eye-pieces, the observer and amateur would do 
well once for all to ascertain the magnifying powers of alft the 
possible combinations of them, and to tabulate it and keep it for 
reference. 

08. It is often asked, What are the dimensions of the most 
minute object which a microscope, having a given magnifying 
power, is capable of rendering distinctly visible ? 

The answer to this question will depend on the answer to 
another ; What are the least dimensions of the same object, with 
which it would be distinctly visible, at ten inches distance, with 
the naked eye 't 

Whatever be the latter dimensions, the former will be * just so 
many times less as there are units in the number which expresses 
the magnifying power. 

Thus, for example, if the smallest linear dimensions with 
which the object could be distinctly seen without a glass at 10 
inches distance were the 300th part of an inch, a microscope 
having a magnifying power of 000 would render such an object 
equally visible if its linear dimensions were only the 300 X 000 
= 100000th part of an inch. 

It is generally considered that the smallest disc of which tho 
form can be distinguished by the naked eye, being properly con- 
trasted with the ground upon which it is seen, is one which would 
have a visual angle of one minute ; and since a line measuring 
the 360th part of an inch, placed at ten inches distance, would 
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liiive that visual angle, it would follow that the smallest object 
ot which the form could be rendered distinctly visible by a 
microscope of a given magnifying power, would be one whose 
linear dimensions are as many times less than the 360th part of 
an inch as there are units in the number expressing the magnify- 
ing power. 

It must not be forgotten, however, in considering such points, 
that the smallest object whose form can be distinctly seen at a 
given distance without a glass, depends on many conditions, some 
connected with the object, and sonic with the observer, as has been 
already stated. 

Many persons fall into the error of supposing that the excel- 
lence oi a microscope is to bo determined by the greatness of its 
magnifying power. On the contrary, that instrument must he 
considered the most eJHeient which renders the details of an object 
perceptible with the lowest power. .Distinctness of definition, 
by which is meant, the power of rendering all the minute linea- 
ments clearly seen, is a quality of greater importance than mere 
magnifying power. Indeed, without this quality, mere magnify- 
ing power ceases to have any value, since the object would appear 
merely as a huge misty silhouette. 

Sufficiency of illumination is another condition which it is 
difficult to combine with great magnifying power, but which is 
absolutely necessary for distinct vision. 

If two instruments show the same object with equal distinct- 
ness of definition and with sufficiency of illumination, one 
having a higher magnifying power than the other, then it must 
be admitted that the one which hears, with such conditions, the 
higher power is the more efficient instrument. 

The mere magnifying power depends on the focal length of 
the lenses, the illumination on the angle of aperture, and the 
distinctness of definition on the extent to which those condi- 
tions have been fulfilled which confer upon the combination of 
lenses composing the instrument, the qualities of aplanatism and 
achromatism. 
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THE MICKO-POLARISCOPE. 

69 . When a ray of light has been reflected from the surface of 
a body under certain special conditions, or transmitted through 
certain transparent crystals, it undergoes a remarkable change in 
its properties, so that it will no longer be subject to the same 
effects of reflection and refraction as before. The effect thus 
produced upon it, has been called polarisation, and the ray or 
rays of light thus affected are said to be polarised. 

Lardnkr’s Museum of Science. f 
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The name poles is given in physics in general to the sides-or 
ends of any body which enjoy or have acquired any contrary pro- 
perties. Thus, the opposite ends or sides of a magnet, have con- 
trary properties, inasmuch as each attracts whaf^ the other repels. 
The opposite ends of an electric or galvanic arrangement are, for 
like reasons, denominated poles. 

70. Following the common rule of analogy in nomenclature, a 
ray of light which has been submitted to reflection or, transmission 
under the special conditions referred to, has been called polarised 
light ; inasmuch as it is found that the sides of the ray which 
lie at right angles to each other, possess contrary physical pro- 
perties, while those of a ray of common or unpolarised light possess 
the same physical properties. 

To illustrate the relative physical condition of common light 
and polarised light, we may compare a ray of common light to a 
round rod or wire of uniform polish and uniformly white, while 
a ray of polarised light may be compared to a similar wire, two 
of whose opposite sides are rough and black, while the other 
opposite sides at right angles to these are polished and white. 
Thus, if abc T>, tig. 33, be a section of the former, the entire 
circumference ajicd is white and polished, and if a' W c' n' 


Ffc. •>- 


Vig. 34. 


B B' 




be a section of the latter, A' j*' and c' o' will be white and polished, 
while W c' and n' a' will be black and rough. 

A group of physical properties, very numerous and complicated, 
characterise the polarised state of light, the discussion and exposi- 
tion of which, constitute the subject of an extensive and important 
section of optics. It would be obviously impossible here to convey 
to the reader any general idea of these ; nevertheless, as an illus- 
tration of them, one of the most frequent occurrence may be 
mentioned. If a ray of common light fall upon a smooth and 
polished surface, it is always reflected according to the well- 
known laws of reflection, no matter what side of it may be pre- 
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sented to the reflecting surface. If a polarised ray, however, fall 
at a certain inclination upon the same surface, it will be reflected 
or absorbed according to the side of it which is turned towards 
the reflecting surface. Thus, if the side A' «' or c' i>' be pre- 
sented towards the reflecting surface, the ray will be reflected as 
if it were common light, but if the side b' c' or a' i/ be turned 
towards the reflecting surface, it will not be reflected at all, but 
will be, as it were, smothered or extinguished. 

The sides a' b' and c' i>', which are opposite to each other, 
have, therefore, a property contrary to that of the sides b' c' and 
A' i)', so that they are respectively called the poles of the ray, 
just as the ends of a voltaic circuit having contrary electric pro- 
perties are called the positive and negative poles of the voltaic 
battery, and the ends of a magnet are called its boreal and austral, 
or south and north poles. 

The effects which polarised light produces when it falls upon, 
or is transmitted through, various substances, more especially 
'such as are in the state of crystallisation, are of the highest 
physical importance, being in most cases the indication of mole- 
cular and other properties, by which optics has been placed in 
relation with, and has become the; handmaid of, almost every 
other branch of physical science. 

71. There are various expedients by which a ray of common 
light can be polarised. It will be polarised if it be reflected at 
a certain inclination, called from that circumstance the angle of 
polarisation, from certain surfaces. Each substance has its own 
angle of polarisation. That of glass, for example, is It 

is also polarised if it pass through certain transparent crystals. 
Some of these, while they polarise the ray, split it into two, both 
being polarised, but in planes at right angles to each other ; that 
is, for example, the sides a' b' anil o' B' being white in one, and 
black in the other. 

The well-known mineral called Iceland spar is an example of 
this class of crystals.. 

Such crystals are called double-refracting crystals, because the 
two rays into which the ray of common light is split are refracted 
by the crystal in different directions, and according to different 
laws. 

When a polarised ray is transmitted through such a crystal, 
according to certain conditions, it will either pass through it, as 
it would through any ordinary transparent medium, or will be 
extinguished bj r it, according to the side of the ray to which 
certain faces of the crystal are presented. Such crystal is related 
to the poles of the ray, therefore, in the same manner as the 
reflecting surface already described. 
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72. If either the reflecting surface or the crystal, placed under 
the necessary conditions, be carried round a polarised ray, a' b' c' d', 
so as to be successively presented to all sides of it, the ray will 
be completely reflected or transmitted when it is presented to a\ 
the middle of the side a' b'. As it is moved from towards b\ 
the quantity of light reflected or transmitted will be less and less, 
until it comes to b\ when none will be reflected or transmitted, the 
ray being wholly extinguished. As it is moved from b ' to c\ 
the light reflected or transmitted, small in quantity at first, will 
be continually greater and greater until it comes to & the middle 
of c' D', when the ray will lie wholly reflected or transmitted. 
As it is moved from c' towards d ', the quantity of light reflected or 
transmitted is less and less, until arriving at d' the ray is alto- 
gether extinguished. After passing from d towards o', the light 
reflected, at first small, is more and more in quantity until it 
comes in fine to a', when the ray is, as at first, wholly reflected or 
transmitted. 

73. An instrument adapted to show the effects of polarised light 
upon bodies on which it is incident or through which it is trans- 
mitted, is called a polariscope, fig. 35, p. 65, and a polarising 
microscope or micro- roLARiseorE, is a microscope by which the 
observer is enabled to project polarised light upon the objects, and 
to observe its effects when transmitted or reflected by them. 

Micro-polariscopes have been constructed in various forms, 
some depending on polarisation by reflection, and some on polari- 
sation by transmission. 

One of the most simple and most generally useful, consists of 
two prisms of Iceland- spar, one of which, P, is placed under the 
stage, so that the light by which the object is illuminated must 
previously pass through it, and the other p' is placed in the body 
of the instrument between the object-glass and the eye-glass, so 
that before producing the image, the rays must pass through it. 

The light proceeding from p, and projected upon the object, 
being polarised, and received, after passing through the object- 
glass, by r', will be wholly or partially transmitted, or altogether 
extinguished, according to the sides or poles of the ray to which 
certain faces of the prism are presented. If, therefore, the instru- 
ment be so mounted that the prism p' can be turned round its 
axis, its faces can be presented successively to all sides of the 
rays, so that the light will be in a certain position wholly trans- 
mitted, and the image will be seen strongly illuminated. When 
the prism is gradually turned round, the light transmitted will 
be less and less, until the prism has been turned through a 
quarter of a revolution, when the light will be wholly 
extinguished, and the image will disappear. Continuing to turn 
68 



MOUNTING OF MICROSCOPES. 

the prism, the image will gradually re-appear, at first faintly, 
and by degrees brighter, until the prism is moved througli 
another quarter of a revolution, when the image will be again 
seen fully illuminated. Like changes will take place during the 
other two quarters of a revolution. 

Similar effects will be produced if the prism p' be fixed, and 
p be turned round its axis. In this case, by moving the polar- 
ising prism r round its axis, the polarised ray is made to revolve, 
because the position of its poles a' b f c' d' has always a fixed rela- 
tion to the faces of the prism p. Since, therefore, the polarised 
ray revolves, it presents successively all its sides to the prism r', 
by which it is accordingly alternately transmitted, and absorbed 
wholly or partially in the same manner, exactly as if the ray were 
fixed, and the prism v' carried round it. 

By the appearance and disappearance of the image correspond- 
ing with the position of the prism p', the position or direction of 
the planes of polarisation a' c' and n' I)' of the polarised ray is 
known. 

These effects will be produced if the objects through which the 
light is transmitted or by which it is reflected have themselves 
no polarising influence. But if they have, various other pheno- 
mena will ensue, depending on the character and degree of that 
influence ; but whatever it be, the state of the light, which pro- 
ceeding from the object-glass forms the image, will be ascertained 
by the prism r', which is consequently called the analysing prism , 
the other r being denominated the polarising prism. 

Various physical characters are thus discovered in the objects 
submitted to the microscope by determining the optical effects 
they produce on polarised light, and many striking and beautiful 
phenomena are developed. 

THE MOUNTING OF MJCEOSCOPKS. 

74. The methods of mounting microscopes, so as to adapt them 
to the convenience and the ease of observers, are very various, 
depending on the purposes to which they are applied, their price, 
the exigencies of the purchaser, and the skill, taste, and address 
of the maker. 

The qualities which it is desirable to confer upon the stand and 
mounting of the instrument are simplicity of construction, easy 
portability, smoothness and precision in the action of all the 
moving parts, and such combinations as may cause any tremor 
imparted to the stand to be distributed equally over every part of 
the mounting. These capital objects are attained very com- 
pletely in all the mountings of the best makers, British and 
Foreign. 


69 



THE MICROSCOPE. 


The most simple, and consequently the cheapest description of 
mounting, is that in which fewest parts are moveable. The only 
parts of a compound microscope which are necessarily moveable 
are those by which the instrument is focussed, and the object 
illuminated. The most simple mechanical expedient for effecting 
the former is a rack and pinion attached either to the body or the 
stage, and for the latter the suspension of the reflector upon an 
horizontal axis, so that it can be inclined at any desired angle to' 
the axis of the body and the stage. 

Whatever be the form or disposition of the stand, it is 
essential that the axis of the object-piece should pass through 
the centre of the stage, and that the reflector should be so set as 
to be capable of reflecting light in the direction of this axis. The 
body is generally a straight tube, the axis of the eye-piece and 
object-piece being in the same straight line. In the case of 
instruments mounted after the model of Professor Amici, however,, 
the body consists of a tube having two parts with their axes at 
right angles, the axis of the object-piece being vertical, while 
that of the eye-piece is horizontal. In this case, a prism is fixed 
in the angle of the tube, at an angle of 45° with the axes by 
which the rays proceeding vertically from the object-piece are 
reflected horizontally to the eye-piece, on the principle already 
explained (30). 

To. One of the most simple models for the mounting of a com- 
pound microscope was contrived by Frau enh offer so early as 
181(1, long before achromatic lenses were produced. This model, 
owing to its great simplicity, convenience, and cheapness, is still 
extensively used for the lower priced instruments, especially by 
the continental makers. 

The body of the instrument is attached to a vertical pillar, fig. 
30, p. 40, and its axis is permanently vertical. It is focussed by 
a rack and pinion, worked by a milled head on the right of the 
observer. The stage is fixed in its position, and placed on the 
top of a short tube, in the lower part of which the reflector is 
suspended on an horizontal axis, so that it can he placed at any 
desired obliquity to the axis of the instrument, and thus can 
always throw a beam of light upwards to the object. One side 
of this mirror is concave, and the other plane. 

For the illumination of opaque objects, a lens is attached by 
a jointed arm to the upper part of the pillar, on which the 
instrument is supported. 

M. Lerebours, of Paris, makes excellent microscopes on this 
model, with a triple achromatic object-piece and other accessories,, 
which he sells at the very moderate price of 90 francs (3/. 12.v.). 
Several thousands of these have been sold. 
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70. The attitude of an observer stooping the head to view an 
object in a microscope, whose eye- piece is vertical, is found to be 
attended with much inconvenience, especially if the observation 
be long continued. This has constituted the ground of a very 
general objection to vertical microscopes. Nevertheless there are 
many cases in which it would be inconvenient to place the stage 
in an inclined or vertical position, as, for example, when observa- 
tions are made on liquids. In all such cases the model of 
Amici’s stand presents obvious advantages, the observer looking 
horizontally, while the axis of the object-piece is vertical, and 
consequently the stage horizontal. 

Most of the better class of instruments, however, are so 
mounted that any direction whatever can be given to the axis of 
the body. Various mechanical expedients are used for accom- 
plishing this, most of which are analogous to the methods of 
mounting telescopes. In some, the instrument with its appendages 
is supported upon two uprights of equal height by means of 
trunnions, which pass through its centre of gravity, so that it 
turns upon its supports like a transit instrument, the axis of the 
body being capable of assuming any inclination to the vertical. 
The observer, therefore, may at pleasure look obliquely or verti- 
cally downwards, or obliquely upwards, as may suit his purpose. 

Similar motions are also produced by mounting the instrument 
upon a single pillar by means either of a cradle-joint, such as is 
generally used for telescope- stands, or a ball and socket. Stands 
of this form are attended with the advantages of offering greater 
facility for moving the instrument horizontally round its axis. 

In the attainment of all these objects, as well as in the produc- 
tion of eye-pieces and object-pieces of capital excellence, the 
leading makers of London, Paris, Berlin, and Vienna, have 
honourably rivalled each other, and it may be most truly said, to 
their credit, that if some have excelled others in particular parts 
of the instrument, there is not one who has not in some way or 
other contributed by invention or contrivance to the perfection 
either of the optical or mechanical parts. 

Much however is also due to the eminent philosophers and 
professors who have more especially devoted their attention to 
those parts of science in which the microscope is a necessary 
means of observation, and foremost among these is the patriarch 
of optical science, Sir David Brewster. It would be difficult to 
name the part of the instrument, or of its accessories or append- 
ages, for the improvement of which we are not deeply indebted 
to this eminent man. Among the more recent philosophers who 
have contributed to the advancement of micrography, and by 
whoso researches and suggestions the makers have been guided, 
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may be mentioned Messrs. Goring, Lister, Coddington, Quecket, 
Mandl, Dujardiu, Le Baiilif, Seguier, De la Rue, and numerous 
others. 

The eminent makers of the British and Continental capitals are 
well known. Good instruments of the low-priced sort are made 
by nearly all the opticians ; but those who have more especially 
devoted their labours to the microscope, are Messrs. Ross, Smith 
and Beck, Powell and Lealand, Pritchard, Yarley, and Pillisdier, 
in London ; Messrs. Nachct, Charles Chevalier and George 
Oberhauser, of Paris; MM. Ploessel and Schieek, of Vienna; and 
M. Pistor, of Berlin. 

Without the intention of assigning any relative precedence to 
these artists, we shall now present a brief description of some of 
the instruments, according as they are severally mounted by 
them. 

chevalier’s universal microscope. 

77. The mounting of this instrument has always appeared to 
me to offer as many conveniences and advantages to the observer 
as can be combined in such an apparatus. 

A mahogany case a, fig. 37, p. 1, containing a drawer B, in which 
the instrument and its appendages are packed when out of use, 
serves as its support. A strong brass pillar, c c, is firmly screwed 
into the top of the case, and upon this pillar the entire instrument 
is supported. 

The pillar cc sometimes is made in two lengths, which are 
screwed one upon the other, by which means the height of the 
instrument may be varied at pleasure, either one or both lengths 
being used. 

An arm E c is attached by a joint at E to the summit of the 
pillar c c, so that it can be moved on the joint E with a hinge 
motion, and may thus be placed at any angle with the pillar c c. 
In the figure it is represented at right angles with c c. 

To the middle d of the arm E c, a square brass bar n f g is 
attached at right angles to e c, so that when E c is at right angles 
to c c, the bar i> r G is parallel to c c. In the face of the bar 
D f g, which is presented to c c, a rack is cut. 

Two square pieces r and M are fitted to the bar d F g, and are 
moved at pleasure upwards and downwards upon it by means of 
pinions, having milled heads o and n. 

To the square piece v is attached the stage z, upon which the 
object is placed, and maintained in its position by two springs, 
one of which is shown in the figure. This stage is provided with 
several adjustments, which have been already explained (31 
et seq,). It will be sufficient for the present to observe that it 
is capable of being moved upwards and downwards with the 
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square piece r, to which it is attached by turning the milled 
head o, and that a slower motion, to give more exact adjust- 
ment, is imparted to it by a line screw having a milled head 
at Q. 

To the square piece m is attached the illuminator H, on one side, 
k, of which is a concave reflector, and on the other, I, a smaller 
plane reflector. This illuminator has two motions, a horizontal 
or lateral one upon a joint at M, by which it can be placed at 
pleasure either vertically under the centre of the stage z, or at a 
limited distance on one side or other of the vertical through the 
centre of the stage. The circular illuminator is suspended at two 
points diametrically opposite in a semicircular piece, and may be 
placed at any desired inclination to the vertical, and with either 
ieflector upwards by means of the milled head I. 

From the lowest part of the pillar c c a piece projects, having a 
cavity corresponding with the size and form of the bar i> r o, 
into which that bar enters when it is vertical as represented in the 
figure, and in which it is held by the pin at o. 

The body of the microscope, as shown in the figure, is rect- 
angular. The eye-tube t is moved backwards and forwards in the 
body B by a pinion u working in a rack. The eye-piece s is 
inserted in this tube, and the eye is protected from the light by a 
circular blackened screen, seen edgeways in the figure. The 
rectangular tube v x is inserted by a bayonet-joint, in the remote 
end of the body it, in which it is capable of being turned, so 
that the object-tube x shall be horizontal, to enable the observer 
with greater facility to screw on or to change the object-glasses 
at Y. 

The body is attached to the bar K c by a joint at c, upon which 
it can be turned, by which means other positions can be given to 
the instrument, as will presently be explained. 

An assortment of object-glasses is supplied, which may be 
screwed at pleasure upon y. They are adapted to each other in 
sets of three, so that one, two, or three may be attached to Y 
according to the power required. 

In the angle b of the body, a rectangular prism is fixed, by 
which the rays proceeding upwards from y are reflected horizontally 
along the axis of it to the eye-piece, on the principle explained 
in TO. 

Several eye-pieces of different powers are supplied with the 
instrument. 

The magnifying power may be varied within certain narrow 
limits by moving the eye-tube in or out by the pinion r, and at 
the same time adjusting the focus by the pinions o and u, which 
move the stage z. When it is desired to augment the power, the 
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tube t is drawn out so as to lengthen the body, and the stage z 
is brought nearer to the object-glass Y. The effect of this is to 
increase the dimensions of the optical image produced in the eye- 
piece by the object and held glasses, as explained in 6. 

If a greater increase of magnifying power be desired, the eye- 
piece may be withdrawn, and a shorter one substituted for it. 

But these expedients are only useful when the increase of power 
required is conhncd within comparatively narrow limits. All 
greater amplification must be produced by the object-glasses. 
These, as has been explained, are made in sets of three, having 
different powers. The lowest power will be obtained by screwing* 
the first lens only of the lowest set upon v ; the next by screwing 
on the second ; and the next by screwing on the third ; by which 
the powers of all the three will be combined. 

If it be desired to obtain a still higher power, these lenses- 
being taken off, the first lens of the set next in order is screwed 
on, then the second, and in fine the third, by which another* 
series of three increasing powers is obtained. 

In this manner, by a suitable assortment of object-glasses and 
eye-pieces, any desired degree of amplification can be obtained. 

The height of the case a and the length of the pillar c c arc 
so arranged, that when the case is placed upon a table of the 
usual height, the eye of an observer of average height when seated 
will b<^on a level with the eye-piece s. 

When the observer is about to submit an object to examination, 
having mounted the instrument, placed it firmly upon a table 
with an even surface so as to prevent any rocking or instability, 
and regulated the height of his seat so that his eye shall be at the 
level of the eye-piece, he selects an eye-piece and object-glasses 
having a suitable magnifying power, and in doing this it is most 
important to commence with a low power, to be gradually 
increased. Yor this purpose, one object-glass of a set is first 
screwed on, after which two, and in fine three, are used. 

In this manner a survey is taken of the general outline and 
larger parts in the first instance, and the more minute parts 
afterwards. 

78. The most generally convenient position for the instrument 
is that which is shown in fig. 37. If a vertical position be 
desired, it may however be easily obtained. For this pur- 
pose the rectangular piece v is drawn out of the bayonet-joint, 
and the object-tube is directly inserted in the body, so that its 
axis shall be horizontal and coincident with that of the body r 
and the eye-tube t. The body is then turned upon the joint c- 
until it is raised into the vertical position. The relative position 
which the parts then assume is that which is shown in fig. 38. 
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79. When chemical phenomena 
examination, and in general when 1 
liable to evaporation, it is found 
inconvenient to place the stage 
under the object-glass, inas- 
much as the vapour proceed- 
ing from the liquid being 
more or less condensed upon 
it, destroys the clearness of 
the image. 

Acid vapours sometimes rise 
from the substances under ex- 
periment, which often tarnish 
the object-glasses, and almost 
always corrode the metal of 
the instrument. ( 

In such cases, therefore, it 
is necessary to provide means / 
to place the liquid under ob- 
servation in a glass capsule 
(a watch-glass, for example) 
above the object-glass, which 
must consequently be directed 
upwards, the stage supporting 
the capsule being over it. 

To accomplish this, the rect- 
angular piece v x is turned 
within the body upon its bay- 
onet-joint through half a cir- 
cumference, so that the object - 
tube x is presented vertically 
upwards, as shown in tig. *‘39. 
the diaphragm h to limit the 
reflector or lens //, is then lix 


are submitted to microscopic 
iquids are observed which are 



The arm r f carrying the stage /, 
illumination, and the illuminating 
ed upon the tube x ; these pieces 


being severally moveable on the bar c f in the manner already 
described. 


This arrangement is also useful when it is required to observe 
minute bodies which sink to the bottom of liquids, or animalcules 
which rarely come near the surface. 

In certain cases, also, the circulation of the blood can only be 


observed with the instrument in this position. 

80. It is sometimes desirable to direct the instrument hori- 


zontally towards the stage placed vertically. To accomplish 
this, it is only necessary, alter arranging the instrument as 
shown in fig. 40, to turn the arm i: c round through an angle of 
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into tlie horizontal position. The stage will then be vertical, and 
the object will be held in its position by the springs. 

The illumination of the object may be produced either by the 
reflector or lens in the manner already described ; or, if they are 
removed from the bar dfg, the stage may be presented directly 
to the light of the sun, the clouds, or a candle or lamp. 

In some cases, however, when it is necessary to obtain a more 
intense illumination, an apparatus represented at s s' is employed, 
consisting of two convex lenses placed in the ends of a conical 
tube which slides upon the bar, by means of a square piece at the 
end of the arm t, 
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Besides the several motions above described, the body of the 
instrument has motion in an horizontal plane round the piece u, 

Fig. 40. 



\ 

A 



fig. 37, as a oentre. This motion is very convenient when the 
instrument is used in the positions shown in tigs. 37, 38, and 39, 
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for the purpose of changing the angles. In general, and more 
especially when high powers are used, the object-glasses are so 
close to the stage, that they eaunot be conveniently unscrewed 
and changed without either removing the object-tube from the 
stage, or the latter from the former. If, however, the body be 
turned horizontally upon the centre a through a few degrees, the 
object -tube will be removed from over the stage, and the lenses 
can easily be chauged. 

This method may also be practised iu the positions shown in 
tigs. :!>» and 40, hut it is more convenient to turn the rectangular 
piece Y x upon the bayonet-joint, as directed above. 

Another advantage which attends this horizontal motion of the 
hodv round the centre o, is, that it enables the observer to direct 
the object-glass successively on different points of an object, the 
whole of which is not included in the held of view. This, how- 
ever. can onlv be praetised where low magnifiers are used. 

To place this microscope in any desired inclined position, it is 
<»nlv neeossarv to place the hotly, as represented in fig. 3N, and 
then taking out the pin n, tig. 37, to turn the bar n r <; together 
with the body n into the desired inclination. 

nosss IMI'IlOVKIt ll'KOSCOPK. 

SI. Mr. Uoss holds a place in the foremost rank of philosophical 
artists, and deservedly enjoys an European celebrity. 

To his labours, perseverance, and genius, much of the perfection 
attained in the construction of object-lenses is due. The 
adjusting object- piece, already described, is one of his recent 

inventions (19). , . 

In the progressive improvement which the microscope has 
undergone in his hands, the stand and the mounting, with the 
provisions for the arrangement of the accessories, have of course 
been more or less modified from time to time, and are at present 
varied according to the price of the instrument, and Ihe purposes 

of the observer. . . „ _ . , 

82, AVc shall here give a short description of the most recent 

form given by him to his best instruments. 

Upon a tripod, 1, 1, fig. 41, are erected two upright pieces, 2, 2, 
strengthened by inside buttresses, 3. These uprights support an 
horizontal axis, 4, which passes nearly through the centre of gravity 
of the instrument, and upon which it turns, so that the axis of the 
body may be placed in any direction, vertical, horizontal, or 
oblique. The rectangular bar, 5, having a rack at the hack, is 
moved in the box, 6, by the pinion, 7. The body, 8, is inserted 
in a ring at the end of the arm, 9, which latter is fixed upon a 
pin at the end of the rod, o, upon which it turns, so as to remove 
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at pleasure the object-piece from over the stage, to change or clean 
the lenses. The arm, 9,. can be fixed in its position by the pin, 
whose milled head is 10. 

The instrument is focussed first by moving the body to and from 
the stage by means of the pinion, 7, and rack, 5, the adjustment 
being completed by a much slower motion imparted to the body 
by the milled head, 1 1 , which is connected with a screw and lever, 
by one revolution of which the body is moved through the 
300th part of an inch. An elastic play is allowed to the body, so 
as to guard against injury by the accidental contact of the object- 
piece with the slide. 

The usual rectangular motions arc imparted to the stage, 12, 
through the extent of an inch, by the milled heads, 13, which 
act on pinions, by which the racks arc driven which carry the 
stage right and left, and backward and forward. The illumi- 
nating mirror, 14, is supported in the usual way, so as to be placed 
at any desired angle with the axis of the instrument. Below the 
stage is fixed an arm, 15, capable of being moved up and down 
by rack and pinion. This arm supports a tube, 16, intended to 
receive apparatus to modify the light transmitted by 14 to the 
object. Various apparatus for condensing and otherwise modify- 
ing the illumination are provided, which fit into this tube, 16. 
A motion of revolution round its axis is given to this tube by the 
milled head, 17. By these means, the effect of oblique light can 
be shown on all parts of the object. A condenser, 18, invented 
by Mr. Gillet, of a peculiar construction, provided with a series 
of diaphragms formed in a conical ring, is inserted beneath the 
stage. 

Polarising apparatus, and other appendages, can also be attached 
to the secondary stage. 
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CHAPTER VI. 

83. JIis object-glasses. Messrs. Smith and Deck's microscope : 84. Their 
largest and most efficient instrument. — Sf>. Tlieir smaller microscope. 
— 8b. Their object-glasses. — S7. Yuriev's microscope. M. Naciiet's 
microscope : 88. Their adaptation to medical and chemical purposes, 
* — 89. Multiple microscopes. — 90. Double microscope. — 91. binocular 
microscope. — 92. Triple and quadruple microscopes. 

83. With his largest and host instruments, Mr. Doss supplies 
lour eye-glasses and eight object-glasses, by which thirty-two 
varieties of power and illumination may be obtained. The object- 
glasses vary from two inches to a 12th of an ineli in local 
length, and from 12° to 170 in angular aperture. The following 
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u a tabulated statement of tho powers resulting from these com- 
binations, the four eye-glasses being designated in the order of 
heir powers, by the letters a, it, c, and it. The prices of the 
object-glasses severally are given in the last column of tho table, 
and the slightest reference to them will explain tho general desire 
of microscopists to diminish expense, by varying their powers, by 
the expedient of separating the lenses which enter into the com- 
position of tho object-pieces. 


Ach romatir Object -yhtMfs for M icroacopcx . 


'U-'-'t' Aiiifulnr Mapulyin" Powers with tin- 

A]»»*rt uru. vari'H^ Kyc-*rl:isses. 




A. 

H. 

<!. 

1). 

X 

.v. 

1 1 . 

2 inches . . 

1 2 degree* . 

20 

3 ° 

40 

! 60 

3 

0 

0 

i 

15 

60 

80 

100 

| 120 

2 

0 

0 

i ,, . . 

22 ,, 

,, 

51 

,, 

1 •? 

3 

10 

0 

i 

'i 5 5 * - 

6$ 

IOO 

130 

1 80 

! 220 

5 

5 

0 

1 

-1 55 ■ • 

: 85 „ . 

220 

350 ! 

500 

■ 620 

5 

5 

0 

1 

s »» 

135 5, . 

: 3 2 ° i 

510 

700 

910 

10 

0 

0 

1 

h 55 • • 

150 ,, 

420 ! 

670 

900 

1 200 

j 2 

0 

0 

*Ti 5 5 

170 55 

650 i 

900 

1 250 

2000 ■ 

! 

1 8 

0 

0 


"When angular apertures, so extreme as those indicated in the 
preceding table, are attempted, it is necessary that the object- 
lens presented to the pencil diverging from the object, shall be 
of the meniscus form, the concave side being turned towards the 
object, for the reasons explained in 19. 

Besides the larger class of instruments above described, Mr. 
Boss constructs microscopes in a variety of other forms, which 
are placed within the reach of those who do not find it conve- 
nient to incur the expense of the larger instrument. 

MEssns. smith and iseck 7 s mice 

84. The largest and most efficient class of instruments con- 
structed by these artists, do not differ much in their mounting 
from those of Mr. Boss above described. Like the latter, they 
arc supported by a horizontal axis, between two strong vertical 
pillars, screwed into a tripod base. The instrument with its 
appendages, turning on the horizontal axis, can thus be placed at 
any obliquity whatever with the vertical. The coarse adjust- 
ment of this microscope is made by a rack and pinion, by which 
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the entire body is moved to and from tho stage. The object- 
piece is set in a tube, which moves within the principal tube of 
the body, the motion being imparted to it by a fine screw with a 
milled head, which constitutes the fine adjustment. Two dif- 
ferent kinds of stage arc supplied, one called the lever stage, 
consisting of three plates of brass, the lowest of which is fixed, 
and the other two provided with guides and slides, and a lever by 
which they may be moved, together or separately, in directions at 
right angles to each other ; the other form of stage also has two 
motions at right angles to each other, one produced by rack and 
pinion, and the other by a screw whose axis is carried across the 
stage, and is turned by the left hand, while the rack and pinion 
is turned by the right hand. 

85. Messrs. ►Smith and Beck also construct other forms of 
microscope, which, though perfectly efficient, arc cheaper and more 
simple ; one of these is represented in lig. *12, p. 17. It is mounted 
upon a vertical pillar, supported on a tripod t ; the body of the 
microscope plays upon a cradle joint, to which the bent arm 
u u is attached ; the body of the instrument is moved by a rack 
and pinion in a triangular groove formed in the upper part of 
this arm ; the coarse adjustment is made by the milled heads 
which move the entire body to and from the stage. In the 
lower end of the body, a tube is inserted, from which an arm 
projects, in which a tine screw plays, which is connected with 
another arm attached to the body of the instrument : by turning 
the milled head, a slow motion is therefore imparted to the 
tube thus inserted in the lower extremity of the body. In the 
end of this tube the object-piece is set, so that the fine adjust- 
ment is made by this screw. 

To the lower end of the bent arm r r, the stage and its 
appendages are attached ; two motions at right angles to each 
other are imparted to the stage, by milled heads ; the refiector 
is mounted in the usual way, and provisions are made under the 
stage, by which achromatic condensers, polarisers, and other 
apparatus can be applied ; the disc id' diaphragms is shown at T. : 
it is mounted on a short piece of tube, in which polarising and 
other apparatus may be inserted. 

8<>. Messrs. Smith and Beck supply with their best microscopes 
three eye-pieces and live object-pieces, the powers of which, as 
well as their angles of aperture, are indicated with their prices in 
the annexed table. 
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Achromatic Object -gla uses for the M icroscope. 


Focal 

length. 

Linear Magnifying Power nearly. j 0 f j 

1 aperture j 

With Eyc-picees. ‘ about 

1 \So.l. No. 2. No .a.; 

Price. 

Lieoer- 

ktilm 

addi- 

tional. 

i i inch 

Draw-tube closed 1 20 45 80 

Add for each inch ■< 1 3 degs. 

w * 

0 * 

0 1 

s. 

15 



of tube drawn out 

4 

6 

8 







Tube closed . 

60 

105 

1 80 






■\ inch 

Add for each inch 



27 dogs. 

3 

3 

0 

1 1 


of tube . 

7 

12 

20 







Tube closed . 

120 

210 

350 




1 


To inch 

Add for each inch 




degs. 

5 

5 

0 

IO ! 


of tube . 

12 

20 

35 




j 


Ditto 

Ditto . . 

do. 

do. 

do. 

65 degs. 

6 

6 

O 

10 

Ditto 

Ditto . . . 

do. 

do. 

do. 

75 degs. 

7 

7 

0, 

IO 


Tube closed . 

24 C ; 

43 °, 

720 




| 

j 

I inch 'Add for each inch 


I 


85 degs. ; 

6 

6 

O: 



of tube . . . 

3 °, 

45 

80 

| 



1 

1 


Ditto 

Ditto . 

do. . 

do. . 

do. 

100 degs. 

7 

7 

O. 



Tube closed . 

45 ° 

760 

1 300 




| 


J inch 

Add for each inch 




1 00 degs. 

8 

8 

o ! 



of tube . . 

40 

60 

115. 




j 

1 


Ditto 

Ditto . 

do. 

do. 

do. 

120 degs. 

10 

10 

1 

0 



* With the $ inch object-glass and the erec ting-glasses, employing cye-pieees 
Nos. 1 and ‘J, the magnifying power will range from j to 1;>0. 

Among the accessories of the microscope due to Messrs. Smith 
and Beck, we must not omit to mention the microscope-table, 
contrived to facilitate the observations of several persons directed 
to the same object with the same microscope. Every one who 
has used this instrument is aware how fatiguing it is to several 
persons to succeed one another in observing with the same instru- 
ment. They are obliged constantly to shift their position, and 
consequently to make their observation standing. The micro- 
scope-table, if it do not entirely remove this inconvenience, 
greatly diminishes it. It is a circular table, iirmly supported on a 
pillar and claw, capable of being turned with a smooth motion 
round its centre in its own plane. The observers sitting round 
it, the microscope is moved successively to the position occupied 
by each of them by merely turning the table. The best sort of 
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these tables arc made with a plate-glass top, and surrounded by 
drawers, in which the apparatus can be conveniently assorted. 

MR. VARLEY 1 S MICROSCOPE. 

87. This artist has constructed instruments with provisions 
similar to those already described ; they are somewhat different in 
their form and details. He has, however, recently introduced a 
microscope, which claims the advantage of enabling the observer to 
examine living objects, such as animalcules, notwithstanding the 
inconvenience arising from their restless mobility, causing them 
continually to escape from the field of view. The stage motion 
with its appendages, contrived by Mr. Varley, enables the 
observer, without difficulty, to pursue the object. 

He has also contrived a phial-microscope, by which aquatic 
plants and animals can be conveniently observed. 

m. nacttet’s microscopes. 

88. M. Naehet, of Paris, has acquired an European celebrity for 
the excellence of his instruments, and for the various inventions 
and improvements in their construction, by which he has extended 
their utility. He has constructed instruments in various forms, 
according to the uses to which they are to be applied and their 
price. For medical and chemical purposes, the body of the 
microscope slides in a vertical tube, the coarse adjustment being 
made by a rack and pinion, and the fine by a screw. The stage 
is firmly fixed under the object-piece, at the top of a hollow 
cylinder, within which the illuminating apparatus and other 
appendages are included. 

89. One of the most recent novelties due to tills eminent artist, 
is a form of microscope by which two or more observers may, at 
the same time, view the same object, thus conferring upon the 
common microscope a part of the advantages which attend the 
solar microscope. This is accomplished by connecting two or 
more tubes, each containing its own eye-piece, with a single tube 
containing an object-piece ; it has been already shown that the 
axis of the tube containing the eye-piece may be placed at any 
desired inclination, with that which contains the object-piece, by 
placing in the angle formed by the two tubes, a reflector, or 
reflecting prism, in such a position, that the pencils of rays pro- 
ceeding from the object-piece shall be reflected to the eye-piece, 
without otherwise deranging them. It is evident, therefore, that 
if the rays proceeding from the object-piece could be at the 
same time received by two or more reflectors, so placed as to 
reflect them in two or more directions, they might be transmitted 
along two or more tubes in these directions to two or more eye- 
pieces, through which the same object might thus be viewed at 
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the same time, and through the same object-piece by two or more 
different observers. 

Such is the principle upon which the multocular microscope 
of M. Nachet is based. 

90. A double instrument of this description is shown in tig. 43, 
where a is the object-piece directed vertically downwards on the 
stage ; above it is a case, containing a triangular prism which is 
so formed that the light reflected from its left side shall pass 
along the axis of the right-hand tube, and that reflected from 
its right side along the axis of the left-hand tube. Observers 
looking into eye-glasses set in these tubes, would therefore both 
see the same object in precisely the same manner. 

It may perhaps be objected, that the focus which would suit the 
eye of one observer, would not suit the other ; the difference, 
however, between the focal adjustments of different eyes is always 
so inconsiderable, that it can be equalised by a small motion 
given to the tubes carrying the eye-pieces. 

Microscopes, as they are usually mounted, reverse the objects, 
the top appearing at the bottom, the right at the left, and vice 
rerad. This being found inconvenient in instruments used for 
dissection, where the motion of the hand and the scalpel of the 
operator would be reversed, expedients are provided by which the 



image is redressed, and the object viewed in its natural position. 
This is accomplished in the microscope represented in flg. 43, by 
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two prisms fixed at b b' in the tubes, which are placed at right 
angles to the lower prism a ; by this F . ^ 

second reflection, the reversed image of ^ * 4 g?«-*fr c 

the first reflection, being again reversed, |j j i c j I hi 

is made to correspond with the natural i; |f j|!j 

position of the object. || | f j : : 

91. An interesting variety of this form : I h ijj 

of instrument, which may be called a || j; 1 - { 

BiNOCULUt microscope, is shown in jj ,jj L ' 

fig. 44. In this case the two tubes, b c I; J *3 jj j 

and iV c', containing the two eye-pieces, i ir^k ||j 

are placed parallel to each other, the |j J Vrj’iH|jj 1 1 

distance between them being regulated j 

by the screws v v ; if this distance be , m 
so adjusted as to correspond with the ~ 
distance between the eyes of the same 

individual, the microscope may be used v \ J + v 

with both eyes, in the same manner as ” ' A - Ejl 

a double opera-glass. This has the 
advantage of giving a stronger ap- 
pearance of relief to the objects viewed, 

which is especially desirable for a certain class of objects, such as 
crystals. 

92. A triple microscope, upon the principle above described, is 
shown in fig. 4o, p. 81, where a is the object-piece, B the multiple 
prism, and c, c' and c" the three eye-tubes. 

A similar instrument, with four eye-tubes, including figures to 
illustrate the mode of observing with it, is shown in lig. 46, p. 33. 


One of the advantages of this class of instruments is, that a 
professor and one or more of his pupils may view the process of a 
microscopic dissection which with a common microscope would be 
impossible, and to which the solar microscope would be inap- 
plicable. Microscopic dissections, in general, can only be exhibited 
to those who do not execute them, by their ultimate results. Any 
phenomena which are developed in their progress, can only be 
made known to others by description ; and it is not necessary to 
say, how imperfect such a mode of communication must be, com- 
pared with direct observation. 
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Fig. 5. — MAGNIFIED VIEW OK THE LURCO OR GLUTTON. 


MICROSCOPIC OBJECTS. 


1. Microscopic objects. — 2. The dragon-fly and its larva*. — 3. The satyr. 
— 4. The linceus spherieus. — a. The lureo, or glutton. — 6. The 
water-fly. 

1. Haying in the preceding Tract explained the structure, 
application, and use of the microscope in the various forms which 
have been given to that instrument, we shall here briefly notice a 
few remarkable microscopic objects, selected chiefly from the 
Microscopic Cabinet of Mr. Pritchard, illustrated with magnified 
drawings by the late I)r. Goring. 

2. The family Libellulidse includes an extensive and beautiful 
group of large insects not sensibly differing in their external form 
from the ant-lion, already noticed.* 


Instinct and Intelligence, p. 119. 



DRAGON-FLIES AND THEIR LARVAL 


These arc popularly known Ly the names of horse-stingers 
and dragon-flies. The former name is founded on a vulgar 
error, since the animal has no sting. The illusion implied by the 
latter is, however, more correct, since the insects, both in their 
appearance and voracious habits, are certainly more entitled to the 
name of dragons than that of demoiselles, or lady-flies, by which 
they are commonly known in France. 


Fig. i. 



The beautiful appearance of these insects on the wing, their 
varied colours, the gauze-like structure of their wings, and the 
rapidity of their flight, must have attracted general attention. 
In hot summer days, they may be seen darting backwards and 
forwards in the air over standing pools, which supply them 
abundantly with tlic insects on which they feed. Their colours 
are subject to much diversity, the males having an abdomen of 
lcadish blue, while that of the females is a yellowish brown. In 
some species, the males have a rich bright blue colour, with black 
wings, while the females are distinguished by a tine green, with 
colourless wings. 

After impregnation, the female hovers over the surface of the 
water until she selects a place for the deposition of her eggs, 
which she deposits one by one in the water, beating the surface 
with her tail while she lays them, until at length they are col- 
lected into a mass resembling a bunch of grapes. 

The larvae on issuing from the egg are so minute as to be 
scarcely perceptible to the naked eye . In some days, however, 
they attain the length of the tenth of an inch, and cast their skin 
for the first time. To the naked eye they appear in this state 
like black spots, to which a tail is attached. "When well fed they 
grow rapidly ; and when they have attained the length of about 
a quarter of an inch, they begin to display their characteristic 
courage and ferocity, attacking, with open mouth, creatures ten 
times their own bulk ; and, when pressed by hunger, devouring 
each other. 
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SATYR. 


by Mr. Pritchard in the Microscopic Cabinet. The real length of 
the creature, measured from the extremity of the antenna? to 
that of the tail, was eight-tenths of an ineh. It is repre- 
sented in the figure, as seen in profile, the breadth of the head 
and other parts being necessarily foreshortened. 

A system of trachea', with numerous ramifications, passes along 
each side of the body from the head to the tail, one of which is 
seen in the figure. These respiratory apparatus ramify in a 
beautiful manner in the triple branches of the tail, each of which 
receives a branch from each trachea. 

During its growth the larva easts its skin several times, and 
the skin which it thus throws off, being translucent, is an inter- 
esting and beautiful microscopic object. 

The eyes as well in the larva as in the perfect insect are very 
salient, and from their magnitude and structure form interesting* 
microscopic objects. Like those of some other insects described 
in a former Tract,* they consist of a multitude of distinct organs 
of vision, each of which is an hexagonal lens. It was observed 
by Latreille, that their number increased in proportion to the 
voracity of the insect. Leuwenhoeek counted 12000 in a single 
insect. Each hexagon is a convergent lens, which may be 
converted into a microscope. Each of these lenses is found 
to produce an inverted image of an object to which it is 
presented. 

3. The object shown in fig. 3, engraved from a drawing by Dr. 
Goring, and described in the 
Microscopic Cabinet by Mr. 

Pritchard, belongs to the class 
of animalcules denominated 
by Muller monoculi, from the 
circumstance of their having 
a single organ of vision, «, 
placed in the centre of the 
front of the head. This 
specimen is called the satyr, 
and is the amymone satyr of 
Muller. The figure represents 
a magnified view of the full- 
grown insect, seen at the in- 
ferior surface of its body as 
it presents itself to the observer, attached to the inner surface of a 
vase of water in which it moves. The real length of the animalcule 
here represented was the 120th of an inch. "When they are 

* “Microscopic Drawing and Engraving,” p. £0. 
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young they arc much smaller, and being then perfectly translucent, 
are highly interesting microscopic objects. They are found in 
abundance in the months of March and April, at the surface of 
shallow pools of clear water which contain aquatic plants. 

The back of this animalcule is protected by a tender and 
transparent shell, the belly being naked and membranous. Seen 
in profile it resembles a tortoise, but, as shown in the figure, it has 
the form of a horse-shoe. It has four feet, and two antenna) 
attached to the inferior part of the body, and radiating from a 
common centre. Thieed in the middle of the head, between the 
two antenna), 6, are the mouth and the single eye, a, the latter 
being black, and set in a square orbit of a deep crimson colour. 
Each of the antenna 1 lias four articulations, and is furnished with 
bristles at its extremity. The feet, c c, are divided at the second 
joint, and terminate in strong pincers. The peristaltic motion of 
the alimentary canal can be distinctly perceived with the micro- 
scope, by observing the dark lines which run along the body of 
the animalcule. On each side of this canal are placed the 
ovaries, d , which, when they are fully developed, are distin- 
guished by their dark colour. The satyr swims by sudden 
impulses, moving the feet rapidly, and sometimes appears to 
slide along the internal surface of the vase. 

4. The animalcule represented in fig. 4, and reproduced from a 

drawing by Dr. Goring, 
is the linceus sphcricus 
of M filler, miscalled raon- 
oculus rninutus by Lin- 
na'us, since it has two 
eyes sufficiently apparent. 
The figure is reproduced 
from the Microscopic 
Cabinet of Mr. Pritchard, 
where the animalcule is 
described. 

The shell or cuirass, 
which is quite trans- 
lucent, consists of a single 
piece, without any per- 
ceptible articulation. It 
possesses, however, suf- 
ficient elasticity to allow the animal to open it at will, after 
the manner of a common mussel. The two edges of the 

opening are seen in the figure at a, the figure being understood 
to present a profile of the object. The two eyes, a, have 

different magnitudes, and their black colour presents a striking 
9? 
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contrast with the surrounding parts. They are encased in the 
shell by which they are protected. The beak, 6, is pointed, and 
participates in the general convexity of the shell. Under it is 
placed a second beak -like projection, somewhat shorter, and 
having three coarse hairs at its extremity, which probably serve 
the purpose of palpi ol* feelers. Below this are placed the 
two antenme, c, each of which is terminated by similar but 
longer hairs. The false feet or branchue, which are four in 
number and ranged along the edge of the shell, are covered 
with hairs, and terminate like the antenna) ; by their action a 
rotatory motion is imparted to the animalcule, which is accele- 
rated by the action of the projecting part, d y against the water. 
This part is ciliated on its posterior edge, and armed at its 
extremity with strong claws. The ovaries, which appear at e, 
have a greenish -blue colour, and the form of a mulberry. The 
convolutions of the alimentary canal with the food contained in 
it are visible with the microscope from one extremity to the 
other. 

But the most remarkable organ is a small oval body placed 
behind the head and shown in the upper part of the figure. This 
body has a rapid motion of pulsation. 

«j. These creatures feed upon animalcules, and in their turn 
become themselves the prey of aquatic larva 1 and eoh optera, such as 
the water-beetles. They are the especial food of the lurco, or 
glutton (the larva of the naid), a magnified view of which is shown 
in fig. 5, with several lincei, e, visible within it. The young ones are 
seen playing around the mother, and on the approach of ail enemy 
they rush for protection under her cuirass, which she immediately 
closes upon them. 

0. The erustaceous animalcule represented in n, fig. 1, in its 
natural size, and in a, fig. 2, magnified, is the four-horned ey clops, 
or little water-lly ; the cyclops quadricomis of M idler, the mon- 
oculus quadricomis of Linmcus, and the pediculus aquaticus, or 
water-louse, of Baker. The figure was drawn by Dr. Goring, and 
described by Mr. Pritchard in the Microscopic Cabinet. 

This little animal is found at all seasons in water, but more 
especially in the months of July and August, when it may be 
easily taken by a net at the depth of about an inch below the 
surface. 

The body is covered with scales, which have a vertical and 
lateral motion. Their edges do not meet under the insect, but 
leave a space for the insertion of the organs of respiration, a. 
The beak is short and pointed, and is a mere prolongation of the 
first segment of the body. A little above it is inserted in the 
cuirass a single eye of a crimson colour, so dark as to approach 
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nearly to black. On each side of the eye are inserted the antenna 1 , 
of which there are two pair, the superior being longer than the 
inferior. They are composed of numerous articulations, from each 
of which issue two or several hairs. In some species the sexes arc 
distinguished by the form of these appendages, being straight and 
thicker, with an enlargement towards the middle of their length, 
in the male, as shown in fig. 4. 

These insects move by sudden jumps or plunges, but sometimes 
creep along the twigs of plants, in which movements they are 
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aided by their feet or branchiae. These members are in almost 
incessant motion, a circumstance which renders the observation of 
their precise form in the living animal difficult. One of them is 
represented as seen under a higher magnifying power in A, fig. ; 
they are generally transparent, but sometimes have a greenish- 
blue colour. 
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divides into two portions, whose extremities are fringed with 
bristles, which present the appearance of splendid plumes. 

J-he alimentary canal and its peristaltic movements are dis- 
tinctly visible in specimens which are only slightly coloured. 
Above this canal two others can be observed, through which the 
eggs arc projected to the ovaries at each side of the tail. 
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The colours of the coat of these insects vary in different indivi- 
duals, as well as the colours of their ovaries, some being of a 
greenish-blue, and others red with green ovaries. 

Another variety of this, called by Muller the cyclops minutus, 
or little cyclops, and popularly the jumper, is shown in n, fig. 5, 
as drawn by Dr. Goring, the animalcule being in a bent position, 
one of its characteristic attitudes. The real length of this 
specimen was about the 250tli of an inch. 

The structure of the coat, or cuirass, is similar to that of the 
animalcule represented in tig. 2, but it has a greater number of 
segments and a more graceful outline. The single eye is encrusted 
in the shell. The antenna) have not as many articulations as 
those of fig. 2, and the inferior pair of palpi is more plumed at 
the extremities. The most remarkable distinction between the 
two species is, that the latter is much smaller and supplied with 
only a single gill or respiratory organ under its beak. It has ten 
feet, and the female carries only a single bunch of eggs under the 
abdomen. In some individuals the respiratory organ observed *bv 
Mr. Pritchard has the form represented in it, fig. 6. 




Fig. 1. — The Termes Embiu. 
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Vertical section, showing its internal arrangement. — 25. View of 
these habitations. — 26. Contrivances in their construction. — 27. Use 
made of them by the wild cattle. — 28. Used to obtain views to seaward. 
— 29. Use of domic summit for the preservation of the colony. — 
30. Position, form, and arrangement of the royal chamber — its 
gradual enlargement for the accommodation of the sovereigns. — 31. 
Its doors. — 32. The surrounding antechambers and corridors. — 33. 
The nurseries. — 34. Their walls and partitions. — 35. Their position 
varied according to the exigencies of the colony. — 36. The continual 
repair and alterations of the habitation. — 37. Peculiar mould which 
coats the walls. — 38. The store-rooms for provisions — the inclined 
paths which approach them — the curious gothic arches which sur- 
mount the apartments. — 39. The subterranean passages, galleries, 
and tunnels. — 40. The covered ways by which the habitation is 
approached. — 41. The gradients or slopes which regulate these covered 
ways. — 42. The bridges by which they pass from one part of the 
habitation to another. — 43. Reflections on these wonderful works.— 

44. The tenderness of their bodies render covered ways necessary. — 

45. When forced to travel above ground they make a covered way — 
if it be accidentally destroyed they will reconstruct it. 

1 . Of all tbc classes of insects wliicli live in organised societies, 
the most remarkable after the hee are the family Termitime, popu- 
larly known under the name of white ants, though they have 
little in common with the ant, except their social character and 
habits. 

Much discordance has prevailed among naturalists respecting 
their history and classification. They were assigned by Linnaeus to 
the order Aptera, or wingless insects. More exact observation 
has, however, proved this to be erroneous ; since, in the perfect 
state, they possess membranous wings like those of the dragon-fly, 
which being four in number, they have been more correctly 
assigned to the order Neuroptera. Kirby regards them as forming, 
together with the ants, a link between the orders Neuroptera 
and Hymenoptera, being allied to the latter by their social 
instincts. 

2. Scarcely less remarkable than the bee in their social organisa- 
tion, they differ from that insect inasmuch as while the labours 
of the latter are attended with no evil to mankind, but are, 
on the contrary, productive of an eminently useful and agreeable 
article of food, the Termites, so far as naturalists have yet dis- 
covered, are productive of nothing but extensive and unmitigated 
mischief. 

3. These insects live in societies, each of which consists of 
countless numbers of individuals, the large majority of which are 
apterous, or wingless. Two individuals only in each society, a 
male and a female, or according to some, a king and a queen, are 
winged, and these alone in the entire society are specimens of the 
perfect insect. The general form of their bodies is shown in 
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fig. 1 and fig. 2 ; the former representing the species called the 
Termes embia, with its wings expanded, and the latter the Termcs 
fatalis or bellicosm , with its wings folded. 

4. With the exception of two or three small species, such as the 
Termcs luciftigvs, described by Latrcille and llossi ; the Termes 
Jlavicollis , described by Fabrieius ; and the Termcs Jlavipes , de- 
scribed by Kollar, these insects are confined chiefly to the tropics. 

d. Each society consists of five orders of individuals — 

I. The queen or female. 

II. The king or male. 

III. The workers. 

IY. The nymphs. 

V. The neuters or soldiers. 

The Termcs beJUvosus or fatalis , which is represented in fig. 2, 
with wings folded, is shown in fig. 3 with wings expanded. 

The king or male, which never changes its form after losing its 
wings, is represented in fig. 4. 

G. The worker is represented in its natural size in fig. 5, and 
the soldier in fig. G. 

A magnified view of the worker is given in fig. 7, and a similar 
magnified view of the forceps of the soldier in fig. 8. 

7. The king and queen are privileged individuals, surrounded 
with all the respect and consideration, and receiving all the 
attendance and honours, due to sovereigns. Exempted from all 
participation in the common industry of the society, they are 
wholly devoted to increase and multiplication, the queen being 
endowed with the most unbounded fertility. Though upon first 
passing from the pupa state they have four wings, they lose 
these appendages almost immediately, and during the period of 
their sovereignty they are wingless. They are distinguished from 
the inferior members of the society by the possession of organs of 
vision, in the form of large and prominent eyes, their subjects 
being all of them blind. 

8. The workers are by far the most numerous members of the 
society, being about a hundred times greater in number than the 
soldiers. Their bodies also, fig. d, are less than those of the sol- 
diers, the latter being less than those of the sovereigns. The 
entire industrial business of the society is performed by the workers. 
They erect the common habitation, and keep it in repair. They 
forage and collect provisions for the society. They attend upon 
the sovereigns, and carry away the eggs of the queen, as fast 
as she deposits them, to chambers which they previously prepare 
for them. They maintain these chambers in order, and when the 
eggs are hatched, they perform the part of nurses to the young, 
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feeding and tending them until they have attained sufficient 
growth to provide for themselves. 

9. The soldiers, of whom, as already observed, there is not more 
than one to every hundred workers, are distinguished by their 
long and large heads, armed with long pointed mandibles. Their 
duty, as their title implies, is confined to the defence of the society 
and of their common habitation, when attacked by enemies. 

10. The nymphs differ so little from the workers, that they 
would be confounded with them, but that they have the rudi- 
ments of wings, or, more strictly speaking, wings already formed, 
folded up in wing cases. These escaped the notice of the earliest 
observers, having been distinguished by Latreille. 

11. Naturalists are not agreed as to the physiological character 
of these three classes of the society. Some consider the workers 
as the larva* which, at a certain advanced period of their growth, 
are metamorphosed into the nymphs, which themselves finally pass 
into the state of the perfect winged insect. 

According to Kirby, the soldiers correspond to the neuters in 
other societies of insects. As he observes, however, they differ 
from the neuters of the societies of Ilymenoptera, which are a sort 
of sterile females. He conjectures that the soldiers may be the 
larva} which arc finally transformed into the perfect male insect. 
Great differences of opinion, however, prevail on this subject among 
entomologists. 

For our present purpose, these doubtful questions, whatever 
interest they may have for naturalists, are altogether unimportant. 
What we desire at present to direct attention to, is the curious 
manners and habits of these insects, which have been ascertained 
by many eminent naturalists, and have been described with great 
minuteness by Smeathman in the seventy-first volume of the Philo- 
sophical Transactions, from whose memoir we shall here borrow 
largely. 

According to Smeathman, the following is the manner in which 
the establishment of each colony takes place. 

12. The pupa) or nymphs, which compose, as has been stated, 
part of a society, are transformed into the perfect insect, their 
wings being fully developed and liberated from the wing cases 
soon after the first tornado, which takes place at the close of the 
dry season, and harbingers the periodical rains. The insects, thus 
perfected, issue forth from their habitation in the evening, in 
numbers literally countless, swarming after the manner of bees. 
Eorne upon their ample wings, and transported by the wind, they 
fill the air, entering houses, extinguishing lights, and being some- 
times driven on board ships which happen to be near the shore. 
The next morning they are seen covering the surface of the earth 
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and waters, deprived of the wings which enabled them, lor a 
moment, to escape their numerous enemies. They are now seen 
as large maggots, and, from being the most active, industrious, 
and sagacious of creatures, are become utterly helpless and 
cowardly, and fall a prey to innumerable enemies, to the smallest 
of which they do not attempt to offer the least resistance. V T arious 
insects, and especially ants, lie in wait for them ; beasts, birds, 
and reptiles, and even man himself, all feed upon them, so that 
not one pair in many millions make their escape in safety, and 
fulfil the first law of nature by becoming the parents of a new 
community. At this time they may be seen running upon the 
ground, the male pursuing the female, and sometimes two pursu- 
ing one, and contending with the greatest eagerness for the prize, 
their passion rendering them regardless of the many dangers with 
which they are surrounded. 

13. Mr. Konig, in an essay upon these insects, read before the 
society of naturalists at Berlin, says that, in some parts of the 
East Indies, the queens are given alive to old men for strengthen- 
ing the back, and that the natives have a method of catching the 
winged insects, which lie calls females, before the time of emigra- 
tion. They make two holes in the nest ; the one to windward 
and the other to leeward. At the leeward opening, they place the 
mouth of a pot, previously rubbed with an aromatic herb, called 
Bergera, which is more valued there than the laurel in Europe. 
On the windward side they light a fire of stinking materials, the 
smoke of which not only drives these insects into the pots, but fre- 
quently the hooded snakes also, on which account they are obliged 
to be cautious in removing them. By this method they catch great 
quantities, of which they make with Hour a variety of pastry, 
which they can afford to sell very cheap to the poorer ranks of 
people. Mr. Konig adds, that in seasons when this kind of food 
is very plentiful, the too great use of it brings on an epidemic 
cholic and dysentery, which kills in two or three hours. 

Mr. Smeathman says, that lie did not find the Africans so 
ingenious in procuring or dressing them. They are content with 
a very small part of those which, at the time of swarming, or 
rather of emigration, fall into the neighbouring waters, which 
they skim off with calabashes, bringing large kettles full of them 
to their habitations, and parch them in iron pots over a gentle lire, 
stirring them about as is usually done in roasting coffee. In that 
state, without sauce or any other addition, they serve them as 
delicious food, and put them by handfuls into their mouths, as 
we do comfits. Smeathman ate them dressed in this way several 
times, and thought them delicate, nourishing, and wholesome. 
They are something sweeter, but not so fat or cloying, as the 
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caterpillar or maggot of tlic palm-tree, snout beetle, which is 
served up at all the luxurious tables of West Indian epicures, 
particularly of the French, as the greatest dainty of the Western 
World. 

14. Troops of workers, apparently deprived of their king and 
queen, which are constantly prowling about, occasionally encounter 
one of these pairs, to which they offer their homage, and seem to 
elect them as the sovereigns of their community, or the parents of 
the colony which they are about to establish. All the individuals 
of such a swarm, who are not so fortunate as to become the objects 
of such an election, eventually perish under the attacks of the 
enemies above mentioned, and probably never survive the day 
which follows the evening of their swarming. 

15. So soon as this election has been made, the workers begin 
to enclose their new rulers in a small chamber of clay, suited to 
their size, the entrances to which are only large enough to admit 
themselves and the soldiers, but much too small for the royal pair 
to pass through, so that their state of royalty is a state of confine- 
ment, and so continues during the remainder of their lives. 

10. The impregnation of the female is supposed to take place 
after this confinement, and she soon begins to furnish the infant 
colony with new inhabitants. The care of feeding her and her 
male companion devolves upon the workers, who supply them both 
with every thing that they want. As she increases in dimensions, 
they keep enlarging the cell in which she is detained. When the 
business of oviposition commences, they take the eggs from the 
female, and deposit them in the nurseries. Her' abdomen now 
begins gradually to extend, till, in process of time, it is enlarged 
to 1500 or 2000 times the size of the rest of her body, and her bulk 
equals that of 20000 or 30000 workers. 

17. A drawing of the pregnant queen in her natural size is 
given in fig. 9. 



18. The abdomen, often more than three inches in length, is 
now a vast matrix of eggs, which make long circumvolutions 
through numberless slender serpentine vessels : it is also remark- 
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able for its peristaltic motion (in this resembling tbe female ant), 
which, like the undulations of water, produces a perpetual and 
successive rise and fall over its whole surface, and occasions a 
constant extrusion of the eggs, amounting sometimes in old females 
to sixty in a minute, or eighty thousand and upwards in twenty- 
four hours. As these females live two years in their perfect state, 
how astonishing must be the number produced in that time ! 

19. This incessant extrusion of eggs must call for the attention 
of a large number of the workers in the royal chamber (and indeed 
it is always full of them), to take them as they come forth and 
carry them to the nurseries ; in which, when hatched, they are 
provided with food, and receive every necessary attention until 
they arc able to shift for themselves. One remarkable circum- 
stance attends these nurseries. They are always covered with a 
kind of mould, amongst which arise numerous globules about the 
size of a small pin’s head. This probably is a species of Mucor ; and 
by Mr. Kbnig, who found them also in nests of an East India 
species of Termes, is conjectured to be the food of the larvae. 

20. The royal cell has in it a kind of body-guard to the royal 
pair that inhabit it; and the surrounding apartments always 
contain many, both labourers and soldiers in waiting, that they 
may successively attend upon and defend the common father and 
mother on whose safety depend the happiness and even existence 
of the whole community, and whom these faithful subjects never 
abandon, even in their last distress. 

21. The habitations of the Termites, which are generally of 
considerable magnitude, vary in form, arrangement, and position, 
according to the species. Those of the Termes bellicosus, de- 
scribed above, have generally a sugar-loaf or hay-cock form, and 
are from ten to twelve feet high. In the parts of Africa -where the 
insect prevails, these structures are so numerous that it is scarcely 
possible to find a spot from which they are not visible in all 
directions within fifty or sixty yards. In the neighbourhood of 
Senegal, according to Adanson, their number and magnitude is 
so great that they cannot be distinguished from the native 
villages. 

22. When first erected, the external surfaces of these conical- 
shaped habitations consist of naked clay, but in these fertile 
climates the seeds of herbage transported by the wind are speedily 
deposited upon them, which germinating soon clothe them with 
the same vegetation as that which covers the surrounding soil, 
and when in the dry and warm season this vegetable covering is 
scorched, they assume the appearance of large hay-cocks. 

23. These vast mounds are formed of earth -which has been 
excavated by the workers from extensive tunnels which have 
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been carried beneath the ground surrounding their base, and 
which supply covered ways by which the workers are enabled to 
go forth in quest of provisions. The interior of the mounds 
themselves are of most curious and complicated structure, con- 
sisting of a variety of chambers and corridors, formed with the 
most consummate art, and adapted in shape and size to the 
respective purposes to which they are assigned in the general 
economy of the colony. 

24. In the superior part of the mound, a dome is constructed, 
surmounting the habitations of the animals so as effectively to 
shelter them from the vicissitudes of weather. This may be 
seen in the vertical section of one of these mounds, shown in 
fig. 10. The exterior covering of this dome is much stronger than 
the internal structure beneath it, which constitutes the habita- 
tion of the colony, and which is divided with surprising regu- 
larity and contrivance into a vast number of chambers, one of 
which is appropriated to the sovereigns, and the others distributed 
among the soldiers, the workers, as nurseries, and as store-rooms. 

The process by which these conical structures are raised is thus 
described. 

25. The habitation makes its first appearance as one or two 
small sugar-loaf-shaped mounds about a foot in height. While 
these are gradually increasing in height and magnitude, others 
begin to appear near them, which likewise increase in number ; 
and by the enlargement of their basis, they at length coalesce at 
the lower parts. The middle mounds are always the highest, and 
the largest, and by gradually filling up the intermediate space 
by the enlargement of the bases of the several mounds, a single 
mound, with various sugar-loaf-shaped masses of less magnitudes 
growing out of it, is produced, as shown in fig. 10. 

a a a.~ Turrets by which their hills are raised and enlarged. 

2. A section of 1 , as it Avould appear on being cut down througli 
the middle, from the top to the bottom, a foot lower than the 
surface of the ground. 

A A. An horizontal line from a on the left, and a perpendicular 
line from a at the bottom will intersect each other at the 
royal chamber. 

The darker shades near it are the empty apartments and 
passages, which, it seems, are left so for the attendants on 
the king and queen, who, when old, may require near one 
hundred thousand to wait on them every day. 

The parts which are least shaded and dotted, are the 
nurseries, surrounded, like the royal chamber, by empty 
passages on all sides, for the more easy access to them with 
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the eggs from the queen, the provision for the young, &c. 
N.B. The magazines pf provisions are situated without any 
seeming order, among the vacant passages which surround the 
nurseries. 

it. The top of the interior building, which often seems, from tho 
arches carried upward, to be adorned on the sides with 
pinnacles. 

c. The floor of the area or nave. 

ddii. The large galleries which ascend from under all the 
buildings spirally to the top. 

E E. The bridge. 

3. The first appearance of a hill-nest by two turrets. 

4. A tree with the nest of the Termites a riorum, with their 

covered way. 

fpff. Covered ways of the Termites a riorum, 
o. The nest of the Termites a riorum. 

6. A nest of the Termites beUicosi , with Europeans on it. 

7. A bull standing sentinel upon one of these nests. 

g g g. The African palm-trees from the nuts of which is made the 
Oleum 2 >ahrur. 

26. When by the accumulation of these turrets the dome has 
been completed, in which process the turrets supply the place of 
scaffolding, the workers excavate the interior of them, and make 
use of the clay in building the partitions and walls of the apart- 
ments constructed in the base of the mound which constitutes 
their proper habitation, and also for erecting fresh turrets sur- 
mounting the mound and increasing its height. In this manner 
the same clay, which, as has been already explained, was excavated 
from the underground ways issuing around the mound, is used 
several times over, just as are the posts and boards of a mason’s 
scaffolding. 

27. When these mounds have attained a little more than half 
their height, their tops being then fiat, the bulls which are the 
leaders of the herds of wild cattle which prevail in the surround- 
ing country, are accustomed to mount upon them so as to obtain 
a view of the surrounding plain : thus placed they act as sentinels 
for the general herd which feeds and ruminates around them, 
giving them notice of the approach of any danger. This circum- 
stance supplies an incidental proof of the strength of these 
structures. 

28. Smeathman states that when he was in that country, and 
desired to obtain a view of the sea to ascertain the approach 
of vessels, he was in the habit of mounting with three or four 
of his assistants upon the summits of these conical mounds,. 
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the elevation of which was sufficient to enable him to obtain a 
satisfactory view. 

29. The superior shell or dome by which the mound is sur- 
mounted is not only of use to protect the interior buildings from 
external violence and from the tropical rains, but, from its non- 
conducting quality, to preserve that uniform temperature within, 
which is necessary for hatching the eggs and cherishing the 
young. 

30. The royal chamber appropriated to the sovereigns engrosses 
much of the attention and skill of their industrious subjects. It 
is generally placed about the centre of the base of the mound, at 
the level of the surrounding ground, and has the shape of half 
an egg divided by a plane at right angles to its axis passing a 
little below its centre. Thus the shape of this chamber is that 
which architects call a surmounted dome. Its magnitude is pro- 
portioned to that of the king and queen to whom it is appropriated.. 
In the infant state of the colony, before the queen is advanced in 
pregnancy, the diameter of this room does not exceed an inch, 
but as the royal lady increases in the manner already described, 
the workers continually enlarge the room, until at length it 
attains a diameter of eight or nine inches. Its lioor is perfectly 
level, and formed of clay about an inch thick. The roof is formed 
of a solid well-turned oval arch increasing in thickness from a 
quarter of an inch at the sides where it rests upon the floor. 

31. The doors are cut in the wall, and made of a magnitude 
suitable to the entrance and exit of the soldiers and workers who 
attend on the royal pair, but much too small for the passage of the 
royal personages themselves. 

32. This large chamber is surrounded by numerous others of 
less dimensions, and various shapes, all of which have arched 
roofs, some circular, and some elliptical. These chambers com- 
municate with eacli other by doors and corridors. Those which 
are immediately contiguous to the royal chamber are appropriated 
to the soldiers, who are in immediate attendance on the sovereign, 
and to the workers, whose duty it is to supply and attend the royal 
table, and to carry away the eggs as fast as they are laid by the 
queen. 

33. Around these antechambers is another suite of apart- 
ments, consisting of store-rooms for provisions, chambers for the 
reception of the eggs, and nurseries for the young. The store- 
rooms are constructed like other parts of the habitation, with walls 
and partitions of clay, and are always amply supplied with provi- 
sions, which, to the naked eye, seem to consist of the raspings of 
wood and plants, which the workers destroy. Upon submitting 
them to the microscope, however, they are found to consist prin- 
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cipally of vegetable gums and inspissated juices. These are 
thrown together in masses of different appearance, some resem- 
bling the sugar on preserved fruits, some transparent, and others 
opaque, as is commonly seen in all parcels of gum. 

The nurseries, on the other hand, are constructed in a manner 
totally different from the other rooms. 

34. The walls and partitions of these consist entirely of wooden 
materials, cemented together with gum. These nurseries, in 
which the eggs are hatched, and the young secured, are small 
irregularly shaped rooms, none of which exceed half an inch in 
width. 

35. When the nest is in the infant state, the nurseries are 
close to the royal chamber ; but as in process of time the queen 
enlarges, it is necessary to enlarge the chamber for her accommo- 
dation ; and as she then lays a great number of eggs, and requires 
a greater number of attendants, so it is necessary also to enlarge 
and increase the number of the antechambers ; for which purpose 
the small nurseries first built] are taken to pieces, rebuilt a little 
further off a size larger, and their number increased. 

36. Thus they continually enlarge their apartments, pull down, 
repair, or rebuild, according to their wants, with a degree of 
sagacity, regularity, and foresight, not observed among any other 
kind of animals or insects. 

37. There is one remarkable circumstance attending the nur- 
series which ought not to be omitted. They are always found 
slightly overgrown with mould, and plentifully sprinkled with 
white globules, about the size of the head of a small pin. These 
may be at first mistaken for eggs ; but submitting them to the 
microscope, they appear to be a species of mushroom, similar 
to the common mushroom, of the sort usually pickled. They 
appear, when whole, white like snow a little thawed and after- 
wards frozen ; and, when bruised, seem to be composed of an 
infinite number of pellucid particles, having a nearly oval form, 
and difficult to be separated. The mouldiness seems to be com- 
posed of the same kind of substance. The nurseries are enclosed 
in chambers of clay, like the store-rooms, but much larger. In 
the early state of the nest, they are not bigger than a hazel-nut, 
but in large hills are much more spacious. 

38. These magazines and nurseries, separated by small empty 
chambers and galleries, which run round them, or communicate 
from one to the other, are continued on all sides to the outer wall 
of the building, and reach up within it to two-thirds or three- 
fourths of its height. They do not, however, fill up the whole of 
the lower part of the hill, but are confined to tho sides, leaving 
an open area in the middle, under the dome, very much resem- 
108 



SUBTERRANEOUS PASSAGES. 


bling the nave of an old cathedral, having its roof supported by 
three or four very large Gothic arches, of which those in the 
middle of the area are sometimes two and three feet high ; but 
as they recede on each side, rapidly diminish, like the arches of 
aisles iu perspective. A Hattish roof, without perforation, in 
order to keep out the wet, if the dome should chance to be 
injured, covers the top of the assemblage of chambers, nurseries, 
&c. ; and the area, which is above the royal chambers, has a flat- 
tish floor, also water-proof, and so contrived as to let any ruin 
that may chance to get in, run off into the subterraneous pas- 
sages which run from the basement of the lower apartments 
through the hill in various directions ; and one of astonishing 
magnitude, often having a bore greater than that of a large piece 
of ordnance. Smeathman measured the diameter of one of 
these passages, which was perfectly cylindrical, and found it to 
be thirteen inches. 

39. These subterraneous passages, or galleries, are lined very 
thick with the same kind of clay of which the hill is composed, and 
ascend the inside of the outur shell in a spiral manner, and 
winding round the whole building, up to the top, intersect each 
other at different heights, opening either immediately into the 
dome in various places, and into the interior building, the 
new turrets, Ac., or communicating thereto by other galleries of 
different bores or diameter, either circular or oval. 

From every part of these large galleries are various small 
tunnels or galleries, leading to different parts of the building. 
Under ground there are many which lead downward, by sloping 
descents, three or four feet perpendicular, among the gravel, 
from whence the workers cull the finer parts, which, being 
worked up in their mouths to the consistence of mortar, become 
that solid clay of which their hills and all their buildings, except 
their nurseries, are composed. 

40. Other galleries again ascend, and lead out horizontally on 
every side, and are carried under ground, near to the surface, to 
a vast distance : for if you destroy all the nests within one 
hundred yards of your house, the inhabitants of those which are 
left unmolested farther off will, nevertheless, carry on their 
subterraneous galleries, and invade the goods and merchandises 
contained in it by sap and mine, and do great mischief, if you 
are not very circumspect. 

41. liut to return to the cities from whence these extraordinary 
expeditions and operations originate, it seems there is a degree 
of necessity for the galleries under the hills being thus large, 
being the great thoroughfares lor all the labourers and soldiers 
going forth or returning upon anv business whatever, whether 
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fetching clay, wood, water, or provisions ; and they are certainly 
well calculated for the purposes to which they are applied, by the 
spiral slope which is given them ; for if they were perpendicular, 
the labourers would not be able to carry on their building with so 
much facility, since they cannot ascend a perpendicular without 
great difficulty, and the soldiers can scarcely do it at all. 
It is on this account that sometimes a road, like a ledge, is 
made on the perpendicular side of part of the building within 
their hill, which is Hat on the upper surface, and half an inch 
wide, and ascends gradually like a staircase, or like those 
roads which are cut on the sides of hills and mountains, that 
would otherwise be inaccessible ; by which, and similar con- 
trivances, they travel with great facility to every interior part. 

42. This too is probably the cause of their building a kind of 
bridge of one vast arch, which answers the purpose of a flight of 
stairs from the floor of the area to some opening on the side 
of one of the columns which support the great arches. Such 
bridges shorten the distance considerably to those labourers who 
have the eggs to carry from the royal chamber to some of the 
upper nurseries, which in some hills would he four or flve feet in 
the straightest line, and much more if carried through all the 
winding passages wdiich lead through the inner chambers and 
apartments. 

Smeathman found one of these bridges half an inch broad, a 
quarter of an inch thick, and ten inches long, making the side of 
an elliptic arch of proportional size ; so that it is wonderful it 
did not fall over or break by its own weight before they got it 
joined to the side of the column above. It w r as strengthened by a 
small arch at the bottom, and had a hollow or groove all the length 
of the upper surface, either made purposely for the inhabitants 
to travel over with more safety, or else, which is not improbable, 
worn so by frequent treading. 

43. “Consider,” observes Kirby, “ what incredible labour and 
diligence, accompanied by the most unremitting activity and the 
most unwearied celerity of movement, must be necessary to enable 
these creatures to accomplish, their size considered, these truly 
gigantic works. That such diminutive insects, for they are 
scarcely the fourth of an inch in length, however numerous, 
should, in the space of three or four years, be able to erect a 
building twelve feet high, and of a proportionable bulk, covered by 
a vast dome, adorned without by numerous pinnacles and turrets, 
and sheltering under its ample arch myriads of vaulted apart- 
ments of various dimensions, and constructed of different materials 
— that they should moreover excavate, in different directions, and 
at different depths, innumerable subterranean roads or tunnels, 
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some twelve or thirteen inches in diameter, or throw an arch of 
stone over other roads leading from the metropolis into the 
adjoining country to the distance of several hundred feet — that 
they should project and finish the, for them, vast interior stair- 
cases or bridges lately described — and, finally, that the millions 
necessary to execute such Herculean labours, perpetually passing 
to and fro, should never interrupt or interfere with each other, 
is a miracle of nature, or rather of the Author of nature, far 
exceeding the most boasted works and structures of man : for, 
did these creatures equal him in size, retaining their usual instincts 
and activity, their buildings would soar to the astonishing height 
of more than half a mile, and their tunnels would expand to a 
magnificent cylinder of more than three hundred feet in diameter ; 
before which the pyramids of Egypt and the aqueducts of Rome 
would lose all their celebrity, and dwindle into nothings. 

“ The most elevated of the pyramids of Egypt is not more than 
UOO feet high, which, setting the average height of man at only 
five feet, is not more than 120 times the height of the workmen 
employed. Whereas the nests of the Termites being at least 
twelve feet high, and the insects themselves not exceeding a 
quarter of an inchin stature, their edifice is upwards of bOO times 
the height of the builders ; w hich, supposing them of human 
dimensions, w r ould be more than half a mile. The shaft of the 
Roman aqueducts was lofty enough to permit a man on horseback 
to travel in them.” * 

44. The bodies of the Termites are generally soft and covered 
with a thin and delicate skin, and being blind, they are no match 
on the open ground for the ants w r ho are endowed with vision, and 
whose bodies are invested in a strong horny shell. Whenever the 
Termites are accidentally dislodged from their subterraneous 
roads or dwellings, the various species of ants instantly seize 
them and drag them aw r ay to their nests as food for their young. 

4b. The Termites are therefore very solicitous about preserving 
their tunnels and vaulted roads in good repair. If some of them 
be accidentally demolished for a few inches in length, it is wonder- 
ful how speedily they rebuild it. At first, in their hurry, they 
advance into the open part for an inch or two, but stop so suddenly 
that it is very apparent that they are surprised, for although some 
run straight on until they get under the arch beyond the damaged 
part, most of them run as fast back, and very few of them will 
venture through that part of the track wdiich is left uncovered. 
In a few minutes, however, they will be seen rebuilding the arch, 
and even if three or four yards in length have been destroyed, they 
will reconstruct it in a single day. If this be again destroyed, 

* Kirby, vol. i. p. 434. 
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they will be seen as numerous as ever passing botli ways along it, 
and they will again in like manner reconstruct it. Hut if the 
same part be destroyed several times successively, they will give 
up the point and build a new covered way in another direction. 
Nevertheless, if the old one should lead to some favourite source 
of plunder, they will, after a few days’ interval, still reconstruct it, 
apparently in the hope that the cause of destruction will not again 
occur, nor will they in that ease wholly abandon the undertaking 
unless their habitation itself l>e destroyed. 
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CHAPTER IT. 

4G. Turrets built by the Tenues niordax and the Tenues atrox. — 47. De- 
scription of their structure. — 48. Their king, ([uecu, worker, and 
soldier. — 49. Internal structure of their habitation. — 50. Nests of the 
Tenues arborum. — f>] . Process of their construction. — 52. Hill nests 
on the Savannahs. — 5o. The Tenues lucifugus — the organisation cf 
their societies. — 54. Habits of the workers and soldiers — the materials 
they use for building.- -55. Their construction of tunnels. 5th Nests 
of the Tenues arborum in the roofs of houses. — 57. Destructive habits 
of the Termes bellieosus in excavating all species of wood-work - 
entire houses destroyed by them.— 58. Curious process by which they 
till with mortar the excavations which they make — destruction of 
Mr. Smeathman's microscope. — 59. Destruction of shelves and wain- 
scoting. — GO. Their artful process to escape observation.- — Gl. 
Anecdotes of them by K<empfer and Humboldt.- G2. Destruction of 
the Governors house at Calcutta — destruction by them a British 
ship of the line. — b:b Their manner of attacking timbe: in the open 
air— their wonderful power of destroying fallen tiinur. — G i. The 
extraordinary behaviour of the soldiers when a nest i< attacked. 
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65. Their rage and fury against those who attack them. — 66. Their 
industry and promptitude in repairing the damage of their habitation. 
— 67 . The vigilance of the soldiers during the process of repair. — 
68. Effects of a second attack on their habitation, conduct of the 
soldiers. — 69. Difficulty of investigating the structure of their habita- 
tions — obstinate opposition of the soldiers— discovery of the royal 
chamber — fidelity of the subjects to the sovereign — curious experiment 
of Mr. Smeathman. — 70. Curious example of the repair of a partially 
destroyed uest. — 71. The marching Termites — curious observation of 
their proceedings by Smeathman — remarkable conduct of the soldiers 
on the occasion. 

46. A smaller species of Termites erect habitations, which, if 
they are of less dimensions, arc not less curious in their structure. 

These buildings are upright cylinders, composed of a well- 
tempered black earth or clay, about three quarters of a yard high, 
and covered with a roof of the same material in the shape of a 
cone, whose base extends over and hangs down three or four 
inches wider than the perpendicular sides of the cylinder, so that 
most of them resemble in shape a round windmill, or still more 
closely the round towers which are so frequently seen in Ireland, 
and which have attracted so much attention on the part of 
antiquaries. Some of these roofs have so little elevation in the 
centre, that they have a close resemblance to certain species of 
mushroom. 

After one of these turrets is finished, it is not altered or 
enlarged ; but when no longer capable of containing the commu- 
nity, the foundation of another is laid within a few inches of it. 
Sometimes, though hut rarely, the second is begun before the 
first is finished, and a third before they have completed the 
second: thus they will run up five or six of these turrets at 
the foot of a tree in the thick woods, and make a most singular 
group of buildings, as shown in fig. 1 1 . 

1 Nest of the Termes mordajr. 

2 Nest of the Termes atrox. 

3 A turret with the roof begun. 

4 A turret raised only about half its height. 

5 A turret built upon one which has been thrown down. 

6 6 A turret broken in two. 

47. The turrets are so strongly built, that in case of violence 
they will much sooner overset from the foundations, and tear up 
the ground and solid earth, than break in the middle ; and in that 
ease the insects will frequently begin another turret and build it, 
as it were, through that which has fallen ; for they will connect 
the cylinder below with the ground, and run up a new turret from 
its upper side, so that it will seem to rest upon the horizontal 
cylinder only. 
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48. In fig. 12 is represented the king or queen of the Tenues 
mordax , in fig. 13 the worker, and in fig. 14 the soldier. 


Fig. 12. 



King or Queen. 


TLKMES ZVIOEDAX. 

Fig. 13. 


Worker. 


Fig. 14. 



Soldier. 


The building is divided into innumerable cells of irregular 
shapes ; sometimes thej* are quadrangular or cubic, and sometimes 
pentagonal ; but often the angles arc so ill defined, that each half 
of a cell will be shaped like the inside of that shell which is 
called the sea- car. 

49. Each cell has two or more entrances, but as there are no 
tunnels or galleries, no variety of apartments, no well-turned 
arches, wooden nurseries, &e., Ac., as in the habitations already 
described, they are not calculated to excite the same degree of 
wonder, however admirable they may be considered without 
reference to other structures. 

There are two sizes of these turret nests, built by two different 
species of Termites. The larger species, the 2'ermes atrox, in its 
perfect state, measures one inch and three-tenths from the 
extremities of the wings on the one side to the extremities on the 
other. The lesser, Tenues mordax , measures only eight-tenths 
of an inch from tip to tip. 

50. The next kind of nests, built by another species of this 
genus, the 'Tenues arborum , have very little resemblance to the 
former in shape or substance. These are generally spherical or 
oval, built in trees : sometimes they are established between, and 
sometimes surrounding, the branches, at the height of seventy or 
eighty feet ; and are occasionally as large as a great sugar-cask. 

51. They are composed of small particles of wood and the various 
gums and juices of trees, combined with, perhaps, those secreted 
*>y the animals themselves, worked by those little industrious 
creatures into a paste, and so moulded into innumerable little cells 
of different and irregular forms. These nests, with the immense 
quantity of inhabitants, young and old, with which they are at 
all times crowded, are used as food lbr young fowls, and especially 
for the rearing of Turkeys. These nests are very compact, and 
so strongly fixed to the houghs, that there is no detaching them 
but by cutting them in pieces, or sawing off the branch. They 
will even sustain the force of a tornado as long as the tree to 
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which they are attached. This species has the external habit, 
size, and almost the colour, of the Termes atrox . 

52. There are some nests that resemble the hill-nests first 
described, built in those sandy plains called Savannahs. They 
arc composed of black mud, raised from a lew inches below the 
white sand, and are built in the form of an imperfect or bell- 
shaped cone, having their tops rounded. These are generally 
about four or five feet high. They seem to be inhabited by 
insects nearly as large as the Termes bellicosHs, and differing very 
little from that species, except in colour, which is brighter. 

5d. The societies of Termes Incifutjm , discovered by Latreille 
at llourdeaux, are very numerous ; but instead of making arti- 
ficial nests, they make their lodgments in the trunks of pines 
and oaks, where the branches diverge from the tree. They 
eat the wood the nearest the bark without attacking the interior, 
and bore a vast number of holes and irregular galleries. That 
part of the wood appears moist, and is covered with little gelatinous 
particles, not unlike gum-arabic. These insects seem to be fur- 
nished with an acid of a very penetrating odour, which, perhaps, 
is useful to them in softening the wood. The soldiers in those 
societies are as about one to twenty-five of the labourers. 

The anonymous author of the < )bservations on the Termites of 
Ceylon, seems to have discovered a sentry-box in his nests. “I 
found,” says he, “in a very small cell in the middle of the solid 
mass, (a cell about half an inch in height, and very narrow,) a 
larva witli an enormous head. Two of these individuals were in 
the same cell ; one of the two seemed placed as sentinel at the 
entrance of the cell. I amused myself by forcing the door two or 
three times ; the sentinel immediately appeared, and only 
retreated when the door was on the point to be stopped up, 
which was done in three minutes by the labourers.” 

54. Having thus given some idea of their habitations, we shall 
now direct our observations to the insects themselves, their 
manner of building, lighting, and marching, and to a more 
particular account of the vast mischief they cause to mankind. 

It is a common character of the different species which have 
been noticed, that the workers and the soldiers never expose 
themselves in the open air, but invariably travel either under 
ground, or along the holes which they bore in trees and other 
substances. When in certain exceptional cases in quest of 
plunder they arc compelled to move above ground, they make a 
vault with a coping of earth, or a tube, formed of that material 
with which they build their nests, along which they travel com- 
pletely protected. The Termes bellicosus uses for this purpose 
the red, and the turret-builders black clay ; whilst tin Termes 
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arhorum employs for the purpose the ligneous substances of which 
their nests are composed. 

55. With these materials they completely line most of the roads 
leading from their nests into the various parts of the country, 
and travel out and home with the utmost security in all kinds of 
weather. If they meet a rock or any other obstruction, they will 
make their way upon the surface, and for that purpose erect a 
covered way or arch, still of the same materials, continuing it 
with many windings and ramifications through large grooves, 
having, where it is possible, subterranean pipes running parallel 
with them, into which they sink, and save themselves, if their 
galleries above ground are destroyed by any violence, or the tread 
of men or animals alarms them. When any one chances by accident 
to enter any solitary grove, where the ground is pretty well 
covered with their arched galleries, they give the alarm by loud 
hissings, which he hears distinctly at every step he makes ; soon 
after which he may examine their galleries in vain for the insects, 
which escape through little holes, just large enough for them, 
into their subterraneous roads. These galleries are large enough 
for them to pass and repass, so as to prevent any stoppages, and 
shelter them equally from light and air, as w r ell as from their 
enemies, of which the ants, being the most numerous, are the 
most formidable. 

56. The Termites arborum , those which build in trees, fre- 
quently establish their nests within the roofs and other parts of 
houses, to which they do considerable damage if not extirpated. 

57. The larger species are, however, not only much more 
destructive, but more difficult to be guarded against, since they 
make their approaches chiefly under ground, descending below 
the foundations of houses and stores at several feet from the 
surface, and rising again either in the floors, or entering at the 
bottoms of the posts, of which the sides of the buildings are 
composed, bore quite through them, following the course of the 
fibres to the top, or making lateral perforations and cavities here 
and there as they proceed. 

While some are employed in gutting the posts, others ascend 
from them, entering a rafter or some other part of the roof. If 
they once find the thatch, which seems to be a favourite food, 
they soon bring up wet clay, and build their pipes or galleries 
through the roof in various directions, as long as it will support 
them, sometimes eating the palm-tree leaves and branches of 
which it is composed, and perhaps (for variety seems very pleasing 
to them) the rattan or other running plant which is used as a cord 
to tie the various parts of the roof together, and to the posts 
which support it ; thus, with the assistance of the rats, who, 
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during the rainy season, are apt to shelter themselves there, and 
to burrow through it, they very soon ruin the house by weakening 
the fastenings and exposing it to the wet In the meantime, the 
posts will be perforated in every direction, as full of holes as that 
timber in the bottom of ships which has been bored by the worms ; 
the fibrous and knotty parts, which are the hardest, being left to 
the last. 

58. They sometimes, in carrying on this business, find that the 
post has some weight to support, and then, if it is a convenient 
track to the roof, or is itself a kind of wood agreeable to them, 
they bring their mortar, and fill all or most of the cavities, 
leaving the necessary roads through it, and as fast as they take 
away the wood, replace the vacancy with that material ; which 
being worked together by them closer and more compactly than 
human strength or art could ram it, when the house is pulled to 
pieces, in order to examine if any of the posts are fit to be used 
again, those of the softer kinds are often found reduced almost to 
a shell, and all, or a greater part, transformed from wood to clay, 
as solid and as hard as many kinds of freestone used for building 
in England. 

It is much the same when the Termites hcllicosi get into a 
chest or trunk containing clothes and other things ; if the 
weight above is great, or they arc; afraid of ants and other 
enemies, and have time, they carry their pipes through, and 
replace a great part with clay, running their galleries in various 
directions. The trec-Termites, indeed, when they get within a 
box, often make a nest there, and being once in possession destroy 
it at their leisure. They did so in a pyramidal box which 
contained the compound microscope of Mr. Smeathman. It was 
of mahogany, and lie deposited it in the warehouse of Governor 
Campbell of Tobago, while he made a' tour of a few months in the 
Leeward Islands. On his return he^found that the Termites had 
done much mischief in the warehouse, and, among other things, 
had taken possession of the microscope, and eaten everything 
about it except the glass or metal, including the board on which 
the pedestal is fixed, with the drawers under it, and the things 
enclosed. The cells were built all round the pedestal and the 
tube, and attached to it on every side. All the glasses were 
covered with the wooden substance of their nests, and retained 
a cloud of a gummy nature upon them which was not easily got 
off, and the lacquer or burnish with which the brasswork was 
covered was totally spoiled. 

Another party had taken a liking to a cask of Madeira, and 
had bored so as to discharge almost a pipe of fine old wine. If 
the large species of Africa (the Termites bellicosi) had Leen so 
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long m the uninterrupted possession of such n warehouse, they 
would not have left twenty pounds weight of wood remaining of 
the whole building, and all that it contained. 

59. These insects are not less expeditious in destroying the 
shelves, wainscotting, and other fixtures ot a house, than the 
house itself. They are for ever piercing and boring in all direc- 
tions, and sometimes go out of the broadside of one post into that 
of another joining to it ; but the}' prefer, and always destroy the 
softer substances the first, and are particularly fond of pine and 
fir-boards, which they excavate and carry away with wonderful 
despatch and astonishing cunning ; for, unless a shelf has some- 
thing standing upon it, as a hook, or anything else which may 
tempt them, they will not perforate the surface, but artfully 
preserve it quite whole, and eat away all the inside, except a 
few fibres which barely keep the two sides connected together, so 
that a piece of an inch board which appears solid to the eye will 
not weigh much more than two sheets of pasteboard of equal 
dimensions, after these animals have bee^i a little while in posses- 
sion of it. 

(50. In short the Termites are so insidious in their attacks, that 
we cannot be too much on our guard against them : they will 
sometimes begin and raise their works, especially in new houses, 
through the iloor. If you destroy tlie work so begun, and make 
a fire upon tbe spot, the next night they will attempt to rise 
through another part; and, if they happen to emerge under a 
chest or trunk early in the night, will pierce the bottom, and 
destroy or spoil everything in it before morning. On these 
accounts care is taken by the inhabitants of the country to set all 
their chests and boxes upon stones or bricks, so as to leave the 
bottoms of such furniture some inches above the ground ; which 
not only prevents these insects finding them out so readily, hut 
preserves the bottoms from a corrosive damp which would strike 
from the earth through, and rot everything therein ; a vast deal 
of vermin would also harbour under, such as cockroaches, centi- 
pedes, millepedes, scorpions, ants, and various other noisome 
insects. 

61. Koempfer, speaking of the white ants of Japan, gives a 
remarkable instance of the rapidity with which these miners 
proceed. Upon rising one morning, he observed that one of their 
galleries, of the thickness of his little finger, had been formed 
across his table ; and upon a further examination he found that 
they had bored a passage of that thickness up one foot of the 
table, formed a gallery across it, and then pierced down another 
foot into the floor ; all this was done in the few hours that inter- 
vened between his retiring to rest and his rising. They make 
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their way also with the greatest ease into trunks and boxes, even 
though made of mahogany, and destroy papers and everything 
they contain, constructing their galleries and sometimes taking 
up their abode in them. Hence, as Humboldt informs us, through- 
out all the warmer parts of equinoctial America, where these 
and other destructive insects abound, it is infinitely rare to find 
papers which go fifty or sixty years back. In one night they 
will devour all the boots and shoes that are left in their way ; 
cloth, linen, or books are equally to their taste ; but they will 
not eat cotton. They entirely consumed a collection of insects 
made in India. In a word, scarcely anything but metal or stones 
comes amiss to them. 

62. It is even asserted that the superb residence of the Governor- 
General at Calcutta, which cost the East India Company such 
immense sums, is now rapidly going to decay in consequence of 
the attacks of these insects. Rut not content with the dominions 
they have acquired, and the cities they have laid low on terra 
tirma, encouraged by success, the white ants have also aimed at 
the sovereignty of the ocean, and once had the hardihood to 
attack even a British ship of the line ; and in spite of the efforts 
of the commander and his valiant crew, having boarded they got 
possession of her, and handled her so roughly, that when brought 
into port, being no longer fit for service, she was obliged to be 
broken up. 

The ship here alluded to was the Albion, which was in such a 
condition from the attack of these insects, that had it not been 
firmly lashed together, it was thought she would have foundered 
on her voyage home. The late Mr. Xittoe stated that the droguers 
or draguers , a kind of lighter employed in the West Indies in 
collecting the sugar, sometimes so swarm with ants of the common 
kind, that they have no other way of getting rid of these trouble- 
some insects than by sinking the vessel in shallow water. 

63. When the Termites attack trees and branches in the open 
air, they sometimes vary their manner of doing it. If a stake in a 
hedge has not taken root and vegetated, it becomes their business 
to destroy it. If it has a good sound bark round it, they will 
enter at the bottom, and eat all but the bark, which will remain, 
and exhibit the appearance of a solid stick (which some vagrant 
colony of ants or other insects often shelter in, till the winds 
disperse it) ; but if they cannot trust the bark, they cover the 
whole stick with their mortar, and it then looks as if it had been 
dipped into thick mud that had been dried on. Under this 
covering they work, leaving no more of the stick and bark than 
is barely sufficient to support it, and frequently not the smallest 
particle, so that upon a very small tap with your walking stick, 



THE WHITE ANTS. 


the whole stake, though apparently as thick as your arm, and live 
or six feet long, loses its form, and, disappearing like a shadow, 
falls in small fragments at your feet. They generally enter the 
body of a large tree which has fallen through age, or been thrown 
down by violence, on the side next the ground, and eat away at 
their leisure within the bark, without giving themselves the 
trouble either to cover it on the outside, or to replace the wood 
which they have removed from within, being somehow sensible 
that there is no necessity for it. “ Such excavated trees,” says 
Mr. Smeathman, “deceived me two or three times in running; 
for, attempting to step two or three feet high, I might as well 
have attempted to step upon a cloud, and have come down with 
such unexpected violence, that, besides shaking my teeth and 
bones almost to dislocation, I have been precipitated head fore- 
most among the neighbouring trees and bushes.” Sometimes, 
though seldom, the animals are known to attack living trees ; but 
not before symptoms of mortilication have appeared at the roots ; 
since it is evident that these insects are intended in the order of 
nature to hasten the dissolution of such trees and vegetables as 
have arrived at their greatest maturity and perfection, and which 
would, by a tedious decay, serve only to encumber the face of the 
•earth. This purpose they answer so effectually that nothing 
perishable escapes them, and it is almost impossible to leave any- 
thing penetrable upon the ground a long time in safety ; for the 
odds are, put it where you will abroad, they will iind it out 
before the following morning, and its destruction follows very 
■soon of course. In consequence of this disposition, the woods 
never remain long encumbered with the fallen trunks of trees or 
their branches ; and thus it is that the total destruction of deserted 
towns is so effectually completed, that in two or three years a 
thick wood fills the space; and, unless iron-wood posts have been 
made use of, not the least vestige of a house is to be discovered. 

64. The first object of admiration, which strikes one upon 
opening their hills, is the behaviour of their soldiers. If you 
make a breach in a slight part of the building, and do it quickly, 
with a strong hoe or pick-axe, in the space of a few seconds a 
soldier will run out, and walk about the breach, as if to see 
whether the enemy is gone, or to examine what is the cause of 
the attack. He will sometimes go in again, as if to give the 
alarm ; but most frequently, in a short time, is followed by two 
or three others, who run as fast as they can, straggling after one 
another, and are soon followed by a large body, who rush out as 
fast as the breach will permit them, and so they proceed, the 
number increasing, as long as any one continues battering their 
building. It is not easy to describe the rage and fury they show. 
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In their hurry they frequently miss their hold, and tumble 
down the sides of the hill, but recover themselves as quickly as 
possible ; and being; blind, bite everything they run against, and 
thus make a crackling noise, while some of them beat repeatedly 
with their forceps upon the building, and make a small vibrating 
noise, something shriller and quicker than the ticking of a watch. 
This noise can be distinguished at three or four feet distance, and 
continues for a minute at a time, with short intervals. While 
the attack proceeds, they are in the most violent bustle and 
agitation. 

65. If they get hold of any one they will, in an instant, 
let out blood enough to weigh against their w T hole body; and 
if it is the leg they wound, you will see the stain upon the 
stocking extend an inch in width. They make their hooked 
jaws meet at the first stroke, and never quit their hold, but 
suffer themselves to be pulled away leg by leg, and piece after 
piece, without the least attempt to escape. On the other hand, 
keep out of their way, and give them no interruption, and they 
will, in less than half an hour, retire into the nest, as if they sup- 
posed the wonderful monster that damaged their castle to be gone 
beyond their reach. 

66. Before they are all got in, you will sec the labourers in 
motion, and hastening in various directions towards the breach ; 
every one with a burthen of mortar in his mouth ready tempered. 
This they stick upon the breach as fast as they come up, and do 
it with so much dispatch and facility, that although there are 
thousands, and even millions of them, they never stop or embarrass 
one another ; and you are most agreeably deceived w r hen, after 
an apparent scene of hurry and confusion, a regular wall arises, 
gradually filling up the chasm. While they are thus employed, 
almost all the soldiers are retired quite out of sight, except here 
and there one, 'who saunters about among six hundred or a 
thousand of the labourers, but never touches the mortar either to 
lift or carry it ; one, in particular, places himself close to the 
wall they are building. 

67. This soldier will turn himself leisurely on all sides, and 
every now and then, at intervals of a minute or two, lift up his 
head, and with his forceps beat upon the building, and make the 
vibrating noise before mentioned ; on which immediately a loud 
hiss, which appears to come from all the labourers, issues from 
'within side the dome, and all the subterraneous caverns and 
passages : that it does come from the labourers is very evident, 
for you will see them all hasten at every such signal, redouble 
their pace, and work as fast again. 

68. As the most interesting experiments become dull by repe- 
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tition or continuance, so the uniformity with which this business 
is carried on, though so very wonderful, at last satiates the mind. 
A renewal of the attack, however, instantly changes the scene, 
and gratifies our curiosity still more. At every stroke we hear a 
loud hiss ; and on the first the labourers run into the many pipes 
and galleries with which the building is perforated, which they 
do so quickly that they seem to vanish, for in a few seconds all 
are gone, and the soldiers rusli out as numerous and as vindictive 
as before'. On finding no enemy they return again leisurely into 
the hill, and very soon after the labourers appear loaded as at 
first, as active and as sedulous, with soldiers here and there 
among them, who act just in the same manner, one or other of 
them giving the signal to hasten the business. Thus the pleasure 
of seeing them come out to fight or to work alternately may be 
obtained as often as curiosity excites or time permits ; and it 
will certainly be found, that the one order never attempts to 
fight, or the other to w r ork, let the emergency be ever so great. 

69. We meet vast obstacles in examining the interior parts of 
these tumuli. In tlie first place the works, for instance, the 
apartments which surround the royal chamber and the nurseries, 
and indeed the w’hole internal fabric, are moist, and consequently 
the clay is very brittle; they have also so close a connection, that 
they can only he seen as it were by piecemeal ; for having a 
kind of geometrical dependence or abutment against each other, 
the breaking of one arch pulls down two or three. To these 
obstacles must be added the obstinacy of the soldiers, who fight 
to the very last, disputing every inch of ground so well as often 
to drive aw r ay the negroes w r ho are without shoes, and make 
white people bleed plentifully through their stockings. Neither 
can we let a building stand, so as to get a view of the interior 
parts without interruption, for while the soldiers are defending 
the outworks, the labourers keep barricading all the way against 
us, stopping up the different galleries and passages, which lead 
to the various apartments, particularly the royal chamber, all 
the entrances to which they fill up so artfully as not to let it be 
distinguishable, w'hile it remains moist ; and externally it has 
no other appearance than that of a shapeless lump of clay. It is, 
however, easily found from its situation with respect to the other 
parts of the building, and by the crowds of labourers and soldiers 
which surround it, who show their loyalty and fidelity by dying 
under its walls. The royal chamber, in a large nest, is capacious 
enough to hold many hundreds of the attendants, besides the 
royal pair, and you always find it as full of them as it can hold. 
These faithful subjects never abandon their charge, even in the 
last distress, for whenever Mr. Sracathman took out the royal 
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chamber from one of the hills, as he often did, and preserved it 
for some time in a large glass bowl, all the attendants continued 
running in one direction round the king and queen with the 
utmost solicitude, some of them stopping in every circuit at the 
head of the latter, as if to give her something ; when they came to 
the extremity of the abdomen, they took the eggs from her, 
carrying them away, and piled them carefully together in some 
part of the chamber, or in the bowl under, or behind any pieces 
of broken clay, which lay most convenient for the purpose. 

Some of these unhappy little creatures would ramble from the 
chamber as if to explore the cause of such a horrid ruin and 
catastrophe to their immense buildings, as it must appear to 
them ; and alter fruitless endeavours to get over the side of the 
bowl, return and mix with the crowd that continued running- 
round their common parents to the last. Others, placing themselves 
along her side, would get hold of the queen’s vast matrix witli 
their jaws, and pull with all their strength, so as visibly to lift 
up the part which they fix at ; but Mr. Smoatliman who observed 
this, was unable to determine whether this pulling was with an 
intention to remove her body, or to stimulate her to move herself, 
or for any other purpose. After many ineffectual tugs, they 
would desist and join in the crowd running round, or assist some 
of those who are cutting oil* clay from the external parts of the 
chamber, or some of the fragments, and moistening it with the 
juices of their bodies, to begin to work a thin arched shell over 
the body of the queen, as if to exclude the air, or to hide her 
from the observation of some enemy. These, if not interrupted, 
before the next morning, completely cover her, leaving room 
enough within for great numbers to run about her. 

The king, being very small in proportion to the queen, generally 
conceals himself under one side of her abdomen, except when he 
goes up to the queen's head, which he does now and then, but not 
so frequently as the rest. 

70. If in your attack on the hill you stop short of the royal 
chamber, and cut down about half of the building, and leave 
open some thousands of galleries and chambers, they will all In- 
shut up with thin sheets of clay before next morning. If even 
the whole is pulled down, and the different buildings are thrown 
in a confused heap of ruins, provided the king and queen are not 
destroyed or taken away, every interstice between the ruins, at 
which either cold or wet can possibly enter, will be so covered as 
to exclude both ; and, if the animals are left undisturbed, in 
about a year they will raise the building to near its pristine size 
and grandeur. 

71. The marching Termites arc not less curious in their order 
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than those described before. This species seems much scarcer 
and larger than the Termes bellicosus. They are little known to 
the natives. Smcathman had an opportunity of observing them 
by mere accident ; one day, having made an excursion with his 
gun up the river Camcrankoes, on his return through the thick 
forest, while lie was sauntering very silently in hopes of tinding 
some sport, on a sudden he heard a loud hiss, which, on account 
of the many serpents in these countries, is a most alarming- 
sound. The next step caused a repetition of the noise, which he 
soon recognised, and was rather surprised, seeing no covered ways 
or hills. The noise, however, led him a few paces from the path, 
■where, to his great astonishment and pleasure, he saw an army of 
Termites coming out of a hole in the ground, which could not be 
above four or live inches wide. They came out in vast numbers, 
moving forward as fast seemingly as it was possible for them 
to march. In less than a yard from this place they divided 
into two streams or columns, composed chiefly of labourers, 
twelve or fifteen abreast, and crowded as close after one another 
as sheep in a drove, going straight forward, without deviating to 
the right or the left. Among these, here and there, one of the 
soldiers was to he seen, trudging along with them in the same 
manner, neither stopping nor turning ; and as he carried his 
enormous large head with apparent diiliculty, he appeared like a 
very large ox amongst a flock of sheep. While these were 
bustling along, a great many soldiers were to he seen spread 
about on both sides of the two lines of march, some a foot or two 
distant, standing still or sauntering about as if upon the look-out 
lest some enemy should suddenly come upon the workers. But 
the most extraordinarj' part of this march was the conduct of 
some others of the soldiers, who, having mounted the plants 
which grow thinly here and there in the thick shade, had placed 
themselves upon the points of the leaves, which were elevated ten 
or fifteen inches above the ground, and hung over the army 
inarching below. Every now and then one or other of them beat 
with his forceps upon the leaf, and made the same sort of ticking 
noise, which he had so frequently observed to be made by the 
soldier who acts the part of surveyor or superintendent, when the 
labourers are at work repairing a breach made in one of the 
common hills of the 'Termites bellieosi. This signal among the 
marching white ants produced a similar effect ; for whenever it 
was made, the whole army returned a hiss, and obeyed the signal 
by increasing their pace with the utmost hurry. The soldiers 
who had mounted aloft, and gave these signals, sat quite still 
during the interval (except making now and then a slight turn 
of the head), and seemed as solicitous to keep their posts as 
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regular seutinels. The two columns of the army joined into one 
about twelve or fifteen paces from their separation, having in no 
part been above three yards asunder, and then descended into the 
earth by two or three holes. They coi^inued marching by him 
for above an hour that he stood admiring them, and seemed 
neither to increase nor diminish their numbers, the soldiers only 
excepted, who quitted the line of march, and placed themselves 
at different distances on each side of the two columns ; for they 
appeared much more numerous before he quitted the spot. Not 
expecting to see any change in their march, and being pinched 
for time, the tide being nearly up, and his departure being fixed 
at high-water, he quitted the scene with some regret, as the 
observation of a day or two might have afforded him the oppor- 
tunity of exploring the reason and necessity of their marching 
with such expedition, as well as of discovering their chief settle- 
ment, which is probably built in the same manner as the large 
hills before described. If so, it may be larger and more curious, 
as these insects were at least one-third larger than the other 
species, and consequently their buildings must be more wonderful, 
if possible ; thus much is certain, there must be some fixed place 
for their king and queen, and the young ones. Of these species 
he did not see the perfect insect. 


In fine, although the curious and interesting habits and manners 
which have been here described have been well ascertained 
and accurately observed, naturalists are not yet agreed as to 
the true physiological characters of the most numerous of the 
classes composing these communities. That the two individuals 
called the king and queen in the preceding pages, are perfect 
insects, deprived of their wings, seems to be on all hands 
admitted ; and that they are kept for the special purpose of pro- 
pagation, and honoured as the common parents, is also certain. 
But the true character of the multitude of workers and soldiers is 
not so clear. Latreille inferred that the workers of Smcathnian 
consist of the larva.* and pupa', which later pass into the perfect 
state, assuming wings, and swarm in the manner already described ; 
and that the soldiers are an order apart, which never assume the 
perfect state, and are incapable of reproduction. To this, 
Burmeister objects, that there is no instance in the whole animal 
world in which the undeveloped young labour for the old : and 
therefore doubts that the workers can be larva' or pique ; to which 
may be added, that these so-called larva' still retain their form 
when the winged individuals appear. Huber also doubts that 
the soldiers can be properly called neuters, and Kirby thinks they 
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are probably male larva?. Westwood suggests that the soldiers 
as well as the workers remain wingless without changing their 
form, their development stopping short before arriving at maturity, 
and thereby some individuals acquire that enlarged head which 
distinguishes the soldiers, and that the real lame of the com- 
paratively few specimens which ultimately become winged, are as 
yet unknown. 

These vague and discordant conjectures of naturalists so 
eminent, show how much still remains to be discovered of the 
physiology of the White Ants. 
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CHAPTER I. 

The Surface of the Eautii : 1. Origin of the name. — 2. Preliminary 
knowledge. — 3. Tlie distribution of laud and water. — 4. The undu- 
lations of the terrestrial surface. — 5. Geographical Terms : 0. 
Islands. — 7. Continents. — 8. Peuiusulas. — 11. Isthmuses. — 10. Pro- 
montories. — 11. Capes and headlands. — 12. The relief of the land. — 
13. Plains and lowlands. — 14. Plateaux and table-lan !s. — 15. Hills.- - 
16. Mountains. — 17. Systems or chains of mountains. — IS. Oceans.— 
19. Seas. — 20. Gulfs. — 21. Rays. — 22. Straits. — 23. Channels. — 24. 
Roads and roadsteads. — 25. Ranks and sand-banks. — 20. Reefs. — 
27. Soundings.— 28. Lakes. — 29. Rivers. — 30. The bed of a river. — 
31. The banks of a river. — 32. Tributaries. — 33. Yallies. — 34. 
Watersheds. — 35. Delta. — 36. Estuaries. — 37. Friths. The Great 
Eastern Continent : 38. Its extent and limits. — 39. Its divisions. 
40. The Mediterranean. — 41. Relief. — 42. Its northern belt. — 43. 
The southern belt. — 44. Prevailing mountain chains. — 45. Outlines 
of Europe. — 46. White Sea. — 47. Norway and Sweden. — 48. Eritish 
Isles. — 49. France. — 50. Spain and Portugal. — 51. Italy. — 52. 
Sicily. — 53. Greece. — 54. Archipelago. — 55. Dardanelles and Eos- 
phorus. — 56. The Elaok Sea. — 57. Sea of Azof. — 58. The Caspian. 
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— 59. Africa.— 60. Its climatological zones. — 61. Tlie Tell and 
Sahara. — 62. Valley of the Nile. — 63. The central belt. — 64. The 
fourth zone. — 65. The southern zone. — 66. The coasts. 

1. Origin of the name. — The division of general instruction to 
which the description of the surface of the earth has been con- 
signed, is called Geography , from two Greek words yy (ge) the 
earth, and (grapho) I describe. 

2. Preliminary knowledge. — The globular form of the earth, 
— its rotation every twenty-four hours on its axis, — its poles and 
equator, the imaginary lines upon it called meridians and parallels, 
— latitudes and longitudes by which the positions of places 
relatively to the equator and to each other are expressed, — the 
methods of ascertaining these positions for all places, — the division 
of the globe into the northern and southern hemispheres by the 
equator, and into the eastern and western hemispheres by the 
meridian of Greenwich, — have been severally explained in our 
Tracts on the “Earth” and on “Latitudes and Longitudes.” 
All these points constitute indispensable preliminaries to any 
clear or satisfactory knowledge of geography, and we shall there- 
fore assume in the present Tract that the reader has already 
become familiar with them. 

o. The distribution of land and water on the surface of 
the globe forms the first step in geographical knowledge. The 
entire terrestrial surface measures about two hundred millions of 
square miles. Very nearly three-fourths of this is covered with 
water. The whole surface would be so if it were uniformly level. 
Rut being unequal, some parts being more elevated, and others 
less so, the water, in obedience to the law of gravity, settles upon 
the lower levels, leaving the more elevated parts dry. It is thus 
that the Almighty lias “ gathered the waters into one place,” and 
made “the dry land appear,” and to the “ gathering of waters” 
has given the name Seas. 

Land is therefore nothing more than the summits and elevated 
plateaux of vast mountains, the bases of which are at the bottom 
of the water which thus covers three-lburths of the surface. 

4. The undulations of the terrestrial surface arc extremely 
diversified and irregular, and since the distribution and outlines 
of the land are determined by them, the latter are equally 
various and complicated. The declivities by which these elevated 
parts slope downwards, determine the lines according to which the 
waters of the sea wash them, and these outlines give those 
peculiar forms and characters to the land, the description and 
knowledge of which forms a large part of geography. A system 
of terms has been invented by which these various forms are 
expressed and classified. 

130 



ISLANDS AND CONTINENTS. 


5. Geographical Terms. — Although these terms do not 
always admit of rigorous definition, and their application is 
often more or less arbitrary, they are nevertheless eminently 
useful, and indeed essential to the acquisition of a general 
knowledge of geography. 

6. Islands are tracts of land surrounded by water. The term, 
however, is generally limited to tracts of not very considerable 
extent. When very small they are often called isles or islets. 

The distribution of islands is not uniform. In some parts they 
are thickly clustered together within a limited extent of water. 
A part of the sea thus sprinkled with islands is called an archi- 
pelago,* a name which was first applied to the iEgtean Sea, which 
separates Greece from Asia Minor, but which has been generalised 
so as to signify any portion of the waters of the globe having a 
like character. 

Islands are found for the most part in the immediate vicinity 
of the coasts of much larger tracts of land. In this case they are 
evidently parts of such tracts, separated from them only by 
valleys, so low that the sea flows through them. Islands, how- 
ever, are also sometimes found in groups, sometimes ranged in 
lines, and sometimes, though not frequently, rising singly and 
isolated in the midst of the ocean. 

7. Continents are tracts surrounded bv water, whose magni- 
tude bears a considerable proportion to the entire surface of the 
globe. 

It will be easily understood that this distinction between 
islands and continents, depending only on their comparative 
magnitudes, must be arbitrary, so long as no exact limit is 
assigned at which a tract of land surrounded by water ceases to 
be an island and becomes a continent. 

The tract in the southern hemisphere, called Australia , was 
formerly classed as an island. More recently geographers give it 
the title of a continent. 

Besides this, there are only two continents properly so called on 
the globe, each of which has vast magnitude, the one lying in the 
eastern, and the other in the western hemisphere. 

The Eastern Continent, sometimes called the (treat con- 
tinent , includes Europe, Asia, and Africa, each of which lias re- 
ceived the name of continent, though the whole forms one continuous 
tract of land, between any two points of which it is possible to 
pass without crossing a sea. 


* Etymologists are not agreed upon the origin of this term ; some sup- 
posing it to 1)0 composed of apxbs pirchos), chief, and trcKayos (pelagosl, 
a sea, and others of Afya ios piiguios) and ireA ayos, the JEga?au Sea. 
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The Western or lesser continent consists of North and South 
America. 

The great or eastern continent, having been known to the 
ancients, is often called the Old Continent or the Old World . 

The western, having been unknown until its discovery by 
Columbus in the fifteenth century, is often called the New 
World . 

8. Peninsulas are tracts, nearly, but not altogether, surrounded 
by water. The name is composed of two Latin words, penc, 
almost, and insula, an island. 

0. Isthmuses arc narrow necks, by which two comparatively 
large tracts arc connected together. Isthmus is a Greek word, 
having the same signification. 

The most remarkable examples of an isthmus are presented by 
the narrow 7 tracts by which Africa is connected with Asia, and 
South with North America. The former being called the Isthmus 
of Suez, and the latter the Isthmus of Panama. Two towns, 
bearing these names, are built, one upon the former isthmus, on 
the coast of the Red Sea, and the other upon the latter, on the 
coast of the Pacific Ocean. 

Peninsulas are often thus connected by an isthmus w r ith the 
mainlands, to which they belong, but not always so. The name 
peninsula is given to tracts of land which, though partially sur- 
rounded by w f ater, are nevertheless connected with the mainland 
by tracts much too broad to be entitled to the name of isthmus. 
Examples of this class of peninsular form are numerous, and 
among them may be mentioned the part of Southern Europe, 
which includes Spain and Portugal, called the Spanish Peninsula 
(Map 5.) ; the part of Italy, south of Lombardy and Piedmont, 
called the Italian Peninsula : the southern part of Greece, called 
the Hellenic Peninsula (Map G) ; India, and numerous other 
similar masses of land, projecting in a pointed form into the sea 
(Map 7). 

10. Promontory is a name given to a tract of land, of greater 
or less elevation above the level of the sea, which juts out from a 
comparatively large extent of land, and which therefore is 
peninsular in its form. The term, however, is usually applied to 
tracts of less extent than those which are denominated peninsulas. 

11. Capes and Headlands are promontories having consider- 
able elevation, so as to be visible from a great distance at sea. 

12. The Relief of the I*and has received different deno- 
minations according to its varying elevation above the general 
level. 

13. Plains and Rowlands are parts of the land not much 
raised above the level of the sea, having considerable extent. 
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Various names are given to such tracts according to the language 
of the couutry and their condition in respect to vegetation. Thus 
an extensive sandy plain, destitute of all vegetation, is called a 
Desert ; an example of such a plain on an immense scale is pre- 
sented by the Desert of Sahara , in the North of Africa. Such 
plains arc called Landes in Trance, Steppes in Uussia, and 
Llanos , Pampas, Selvas, Savannahs , and Prairies , according as 
they are more or less covered with vegetation, in North and South 
America. 



Fig- i. — Forms of Hills and -Mountains. 


14. Plateaux and .Tablelands are extensive level tracts, 
placed at considerable elevations above the level of the sea, or 
the general level of the surrounding country, a h, tig. 1. 

15. Hills are elevations not exceeding about 1000 feet in 
height above the plain at their base, and having an outline 
variously formed ; rounded, e, tig. 1. ; ridged, d, tig. 1, or peaked, 
as o, tig. 1, and Jig. fh 



16. Mountains are elevations generally exceeding 1000 feet 
in height, and likewise subject to a similar variety of forms, 
as shown in tig. ± 

The application of these terms “ hills” and u mountains” is very 
arbitrary, elevations which receive the name of mountains in one 
place being lower than those called hills in another. 

The forms of mountains are very various, and have an im- 
portant relation to their external structure. Geologists are often 
able to determine the character of the rocks of which they consist 
by their outline. Thus, when the outline is characterised by 
needles rising to considerable elevations, as in tig. 4, the moun- 
tainous mass consists of the rocks called Gneiss. Such peaks, 
which are frequent upon the chain of the Alps, are called needles , 
teeth, and horns. Mountains are sometimes columnar in their 
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structure, as in fig. 5, resembling fortiiications seen from a 
distance. In this case they are usually formed of calcareous, that 
is, limestone rocks. Mountains composed of the same rocks also 




Various forms of ^Mountains. 

frequently assume the form shown in fig. o, as if they were cut 
into steps forming a series of horizontal stages one above the 
other. 

Mountains which assume the peaked or conical form, with a 
cavity or cup-like depression at their summits, arc always ot 
volcanic origin. 




Fig. 7.— Barron Island in Bay of Bengal. 


In tig. 7, an example of this is presented in the case of Earren 
island in the Ray of Bengal, consisting of a volcanic cone, 1 8*1 8 
feet high, which is frequently in a state of eruption, surrounded 
by other peaks of similar formation. 

17. Systems or Chains of Mountains consist of series of 
mountains, of varying elevation and form, which are often con- 
tinued over the whole extent of a continent. 

18. Oceans. — The configuration of the sea, determined by the 
form of the lines in [which it unites with the land, necessarily 
corresponds with the configuration of the land, and such forms 
are expressed by a system of geographical terms of correlative 
signification. 

What a continent is to the land an ocean is to the water. This 
term, therefore, signifies a vast tract of water, unbroken, for the 
most part, by any tract of land. 
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Owing to the peculiar distribution of land and water on the 
globe, it follows that, strictly speaking, there is but one great 
ocean, between all points of which there is a continuous water 
communication. Nevertheless, geographers have found it con- 
venient to divide $iis vast collection of water nominally into 
several distinct oceans, as will be explained hereafter. 

19. Seas. — The term sea is applied to tracts of water one 
degree inferior in magnitude to the oceans, which are generally 
limited and enclosed between continents or large islands. 

20. Gulfs are large inlets of the sea partially enclosed by land. 

21. Bays are nearly the same as gulfs, but generally smaller. 
Like other geographical terms, these however are arbitrary and 
indefinite, some inlets called bays being greater than others 
called gulfs. 

Gulfs and bays are the analogues of peninsulas and promontories. 

22. Straits are narrow necks of water connecting tracts of 
greater extent. A strait is, therefore, the analogue of an isthmus. 

A strait is often but improperly called by the plural term 
straits ; thus the Strait of Gibraltar is frequently denominated 
the Straits of Gibraltar. 

23. Channels are narrow tracts of water flowing between 
opposite coasts that are nearly parallel, and are much wider than 
straits. 

24. Roads and Roadsteads are tracts of water sheltered by 
adjacent lands from violent or dangerous winds, having sufficient 
depth for safety, and not too great depth for anchorage. They are 
stations where vessels are accustomed to lie at anchor. 

25. Banks and Sandbanks are parts of the bottom which lie 
so near the surface as to be attended with danger, and in places 
much affected by tides are often uncovered at low' water. 

20. Reefs are sunken rooks, which rise so near the surface, 
that the waves in passing over them are broken into foam, 
which thus render their presence manifest to mariners. In a 
calm sea, however, as there is nothing to indicate their presence, 
they arc a great source of danger to the navigator. 

27. Soundings. — The depth of the sea is found by a sounding- 
line, which is a cord of sufficient length, to the extremity of 
which a heavy piece of lead is attached. U pon this cord knots 
are made at intervals of five fathoms, tilt number of knots counting 
from the lead being indicated by visible marks. The lead is 
let down into the sea from the deck of the ship ; the sounding- 
line to which it is attached being coiled round a cylinder, or 
reel, which turns freely on an axle. Two seamen hold up the 
reel by handles at the extremity of the axle, while another 
observes the lint; passing over the bulwark of the vessel. The 
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leaden weight sinking in the water draws with it the line, which 
thus unrolls itself from the reel, and this continues until the lead 
strikes the bottom. When that takes place the reel ceases to 
revolve and the line to sink, and the seaman who observes the 
sounding, notes the number of the knot which is nearest the 
surface, and thus obtains the depth, which is always expressed in 
fathoms. 

The lead, suspended from the extremity of the sounding-line, 
is cup-sliaped at its lower end, and grease, technically named the 
arming , is put into the cavity, so as to be capable of taking up 
by adhesion a portion of the shells, sand, or other substance, which 
is at the bottom, with which it comes into contact. This being 
drawn up, the navigator is informed not only of the depth, but 
of the quality and character of the bottom, which often serves 
him as a guide to his position. 

In this manner surveys are made of the bottoms of all seas 
which are much navigated, and charts are drawn and engraved, 
upon each part of which is marked the number of fathoms of 
depth in the corresponding parts of the sea, and frequently the 
character of the bottom. 

It happens fortunately that the general depth of the oceans and 
open seas is so considerable as to be attended with no danger to 
navigation. Such charts, therefore, as are here described are 
only necessary for navigation in enclosed seas and tracts of water 
near to coasts. 

28. X*akes are sheets of water, of greater or loss magnitude, 
completely surrounded by land, and having no superficial com- 
munication with the sea. They are, therefore, to the water what 
an island is to the land, and, like an island, the name is generally 
restricted to magnitudes which are not very great. A lake of great 
magnitude is generally called an inland sea. 

Like other geographical terms, these, however, are arbitrary ; 
some sheets of inland water called seas being less than others 
called lakes. 

29. Rivers are large streams of fresh-water, formed by the rain 
which falls on elevated parts of the land, descending the de- 
clivities* in streams, which, gradually uniting one with another, 
form at length a large course of water, which receives the name of 
a river. 

30. The Bed of a River is a groove formed in the land, de- 
scending in a direction varying with the level of the surface, 
until it reaches the coast, where its water is discharged into 
the sea. 

31. The Banks of a River are the land which confines its 
course on either side, and an* distinguished as the right and left 
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banks, that which is to the right in descending the river, being 
called the right bank, and the other the left bank. 

32. Tributaries, or affluents, are the streams which flow into 
a river on one side or other of its course. In the larger rivers 
these tributaries themselves are often considerable rivers, and 
receive along their course subordinate tributaries. 

By reason of the common tendency of water to find the lowest 
level, rivers flow along tin* bottoms of valleys, and their winding 
courses, often very complicated, are determined by the varying 
direction of these valleys. Their tributaries run along the 
bottoms of smaller valleys, intersecting that of the principal river 
at various angles. 

33. The Valley, along the bottom of which a great river flows, 
usually receives its name from that of the river, and is often of 
vast extent; the declivities which form its sides sometimes 
measuring hundreds, or oven thousands, of miles. 

34. Watershed is the name given to the declivities which 
thus determine the tributaries of a great river, and the whole 
extent of the valley is sometimes called the basin or hydrographic 
region of the river. 

3d. Delta. — A great river, in approaching its mouth, often 
diverges into different channels, forming angles with each other, 
and thus discharges itself into the sea by two or more mouths. 
These diverging branches are called a delta, from a fancied 
resemblance, presented by the two extreme branches and the 
line joining the two extreme mouths, to the Greek letter A, 
delta. 

30. Estuaries. — The mouths of rivers are often placed in inlets 
of the sea, where the tide ebbs and flows, so that the waters of 
the sea alternately enter the mouth of the river and retire from 
it with the rise and fall of the tide, mixing with the water of the 
river, and thereby producing a constant state of agitation in the 
water of such an inlet. The name estuary has accordingly been 
given to such sheets of water, from the Latin word c estus , signify- 
ing the agitation of water such as that here described. 

37. Firths. — The name firth, also written frith, is some- 
times given to estuaiies ; this term, however, is more particularly 
applied in Scotland. Thus the estuary of the river Forth, which 
lies between Fifeshire and Edinburgh, is called the Firth of 
Forth. 

The term firth or frith is generally assumed to be taken from 
the Latin word /return, a strait or narrow neck of the sea. 
Mr. A. K. Johnson, however, considers it to be derived from the 
Scandinavian term /lord, pronounced Jiurth, which has the same 
signification. 
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The principal terms composing the geographical nomenclature, 
and expressing the forms affected by the outlines of land and 
waters, and the forms of relief produced by the varying elevation 
and depression of the surface of the land, being clearly under- 
stood, a general description of the globe we inhabit, as it is 
diversified by land and water, and by the undulating surface of 
the former, will be easily rendered intelligible. 
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TIIE GREAT EASTERN CONTINENT. 

38. Its extent and limits. — This vast tract has an oblong 
form, as already indicated ; its extreme length being somewhat 
more than twice its extreme breadth. It is included between 20 
west and 100° east longitude, and between 35° south and 75° 
north latitude. Nearly its whole extent lies therefore in the 
northern part of the eastern hemisphere. A small portion of the 
north-western part of Africa, including Morocco, juts into the 
western hemisphere, and the southern promontory of the same 
division of the great continent, terminating in the Cape of Good 
Hope, projects into the southern hemisphere. 

This continuous tract of land consists, as is well known, of three 
unequal divisions, which, though not detached one from another 
by sea, have received the name of continents. The smallest of 
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these in magnitude, but transcendcntly the most important in 
its social and political character, is El'Iiofe, which occupies the 
northwest corner of the great continent, being separated from 
Africa by the Mediterranean Sea, and from Asia by a low chain 
of mountains called tlie # Ural, a river of the same name, the 
Caspian Sea, a great sheet of inland water, into which this river 
discharges itself, and the Black Sea. 

39. its divisions. — If the whole superficial extent of the 
great continent be supposed to consist of eight equal parts, the 
area of Europe will be one of these parts, that of Africa three, and 
that of Asia, which covers the remainder, four. 

Africa is divided from Europe by the Mediterranean Sea, and 
from Asia by the oblong tract of water, directed N.N.W. and 
S.S.E., called the Bed Sea. This sea is connected with the 
Indian Ocean, lying to the east of Africa, and the south of Asia, 
by a narrow neck of water, called the Strait of Bab-el-Mandeb. 

40. The Mediterranean sea, which forms one of the most im- 
portant features in the western part of the great continent, lies in 
a direction nearly east and west, and communicates with the 
Atlantic Ocean by a narrow neck of water, interposed between the 
southern point of the Spanish peninsula, and the north-western 
corner of Africa, called the Strait of Gibraltar, from the rock 
of that name at the point of Spain. 

41. Relief. — The relief of the surface of the great continent is 
characterised by an elevated ridge, the general direction of which 
is parallel to its longitudinal axis, and is consequently E.X.E* 
and W.S.W. very nearly, but the summit of this ridge is much 
nearer to the southern than to the northern coast of the continent, 
so that it divides its area very unequally. The declivity, therefore, 
which slopes to the southern coast, is much more rapid and 
shorter than that which extends to the northern coast. 

42. Its northern belt. — The northern division consists of a 
great belt of fiat surface, beginning with the plains of Holland 
at the west, and terminating with the deserts of Siberia at the 
cast, being only interrupted by the chain of Ural Mountains, 
running north and south at the confines of Europe and Asia. 
Except where human industry has redeemed it, and brought it 
under cultivation near its western extremity, the characteristic 
of this plain is that of marshiness and insalubrity. 

43. The southern belt.— The more limited plain south of the 
ridge-summit, alread}^ mentioned, commences at the west with the 
great African desert of Sahara, and stretches with little inter- 
ruption across Arabia, Persia, and Northern India, to the shores 
of Kamtschatka. 

44. Prevailing mountain - chains. — The various mountain- 
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chains, the combination of which forms the main ridge of the 
great continent, commence with Mount Atlas and the Pyrennces 
at the extreme west, and are continued by the Alps and the 
Himalaya to the Altaic mountains at the extreme east. 

45. Outlines of Europe; their adaptation to Commerce. — 
The most striking geographical feature by which Europe is 
distinguished from the other parts of the great continent, consists 
in the numerous and extensive inlets of water by which it is 
penetrated and intersected in all directions. No equal extent of 
land in any part of the globe presents a like phenomenon, and to 
this, as much as to its temperate climate, must undoubtedly be 
ascribed the immense social, commercial, and political predo- 
minance which it has acquired and maintained. By this reticu- 
lation of inland seas, gulfs, bays, and straits, navigation and 
commerce arrive within short distances of all its internal centres, 
and its vast extent of coasts is studded with cities and towns, 
and sheltered ports and harbours, which become so many em- 
poriums of commerce, and centres and sources of wealtli and 
civilisation. 

4(3. White Sea At its extreme north, Europe is penetrated 

by an enclosed sheet of water of great magnitude, called the White 
Sea. On the west, the Baltic ('liters it, ramifying in dilierent 
directions, throwing out north and west the gulfs of Bothnia and 
Finland, and sprinkled with islands and vast peninsulas, which 
form kingdoms of great importance, such as Denmark. 

47. Norway and Sweden are formed into a great peninsula, 
separated from the continent by a broad neck of land, included 
between the North Sea on the west, and the head of the Gulf of 
Bothnia on the east. 

48. British Isles. — Nearly opposite the mouth of the Baltic, 
and the north-western point of France, arc placed the British 
Isles, separated from the coast of Holland and Belgium by the 
German Ocean, and from that of France by the English Channel 
and the Strait of Dover. These islands, combined with the sub- 
ordinate ones with which they are surrounded and skirted, sucli 
as the Shetlands, the ( )rkneys, the Western Isles, the Isles of 
Mail and Anglesta, the Seilly, and the Channel Islands, may be 
considered as formiug an archipelago, the principal divisions of 
which are richly intersected by channels, bays, and gulfs, which 
have so favoured navigation, as to enable the British nation to 
attain and maintain that commercial and naval pre-eminence, 
for which she has so long been celebrated. 

49. Prance, the most, important and powerful of the European 
states, occupies the centre of Western Europe. Her territory is se- 
parated on the east from those of the German states by the Rhine, 
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from that of Switzerland by the chain of the Jura, from Italy by 
the Alps, from Africa by the Mediterranean, and from Spain by the 
Pyrenees. On the west it is limited by the Atlantic, and on the 
north, in the absence of any natural boundary, is divided from 
Belgium by a frontier settled by political conventions. 

50. Spain and Portugal occupy a portion of land having the 
peninsular form, the neck bv which it is connected with the con- 
tinent extending from the Bay of Biscay to the Gulf of Lyons, and 
being traversed by the chain of the Pyrenees. This neck of 
land, so much narrower than the general width of the Spanish 
peninsula, is nevertheless much too wide to entitle it to the name 
of an isthmus. 

In the geography of Europe the tract thus occupied by Spain 
and Portugal is usually called the Peninsula, without other 
designation. 

51. Italy. — The southern part of Italy projects into the 
Mediterranean Sea in the form of an oblong tract of land, having 
at its southern extremity a smaller tract nearly at right angles to 
it ; the outline of the whole presenting a striking resemblance to 
a boot. The Italian territory, however, occupies a w T ide extent of 
land north of the boot, enclosed on the north by the chain of the 
Alps. This northern part of Italy includes the territories of 
Venice and the Milanese, called Lombardy, at present part of 
the Austrian empire, and the kingdom of Sardinia. That part of 
the Italian territory forming the boot, being nearly surrounded 
by water, with the Adriatic on one side and the Mediterranean 
on the other, is distinguished as the Italian Peninsula. 

52. Sicily. — Immediately at the toe of the boot, and separated 
from it by a narrow neck of water, celebrated in history as the 
Strait of Messina, is the fertile and beautiful island of Sicily, one 
of the most remarkable features of which is the volcano called 
Mount Etna. 

53. Greece projects into the eastern end of the Mediterranean, 
having, like Italy and Spain, the peninsular character. These 
three tracts have been noticed even by ancient geographers as the 
Spanish, Italian, and Hellenic peninsulas. 

54. Archipelago. — The arm of the Mediterranean which, 
turning to the north, intervenes between the Hellenic peninsula 
and the coast of Asia Minor, thickly sprinkled w ith islands, is the 
Archipelago or ancient JEgman Sea, from which all other tracts 
of water of a similar character have taken their name. 

55. Dardanelles and Bosphorus. — The Archipelago is con- 
nected with the great inland sea, called the Black Sea or the 
Euxine, by a narrow neck of water, consisting of two straits, 
between which lies a wider strip of sea. The strait w T hich is next 
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the Archipelago is called the Dardanelles, the ancient Hellespont ; 
and that which is next the Black Sea, the Bosphorus ; the inter- 
mediate water being called the Sea of Marmora. 

56. The Black Sea is nearly enclosed by land, but com- 
municating through the Bosphorus with the Archipelago and 
the Mediterranean, it cannot properly be considered as a lake. 
Its water is, nevertheless, much less salt than that of the ocean, 
and it is consequently more readily frozen. Its depth near the 
shore varies from 24 to 220 feet, and in the middle is more than 
1000 feet. 

57. Sea of Azof. — This sea communicates with a smaller one 
north of it, called the Sea of Azof, by a narrow neck of water, 
called the Strait of Yenekali. A tract of land nearly surrounded 
by the waters of the Black Sea and the Sea of A zof, and connected 
with the continent by a narrow neck of land, is called the Crimea; 
the connecting neck being called the Isthmus of Perikop. This 
peninsula has been celebrated for the fortress of Sebastopol erected 
by Russia near its southern extremity, and destroyed in 1855 by 
the allied armies of France and England. 

58. The Caspian. — Near the southern confines of Europe and 
Asia is the largest lake in the world, called the Caspian Sea. Its 
water is salt, but much less so than the ocean, and it is shallow, 
even at its centre, the depth not exceeding 800 feet. That it can 
have no immediate and uninterrupted subterranean communication 
with the Black Sea, which is near it, is proved by the fact that 
the level of its surface is 82 feet below that of the latter sea. 

09. Africa is an immense triangular- shaped tract of land, the 
base of which is presented towards the north, and the point to the 
south. Tts coast is everywhere nearly uniform, and entirely 
destitute of those indentations for which Europe is so remarkable. 
It projects southwards into the great ocean, which it divides into 
two regions, of which the western is called the Atlantic, and the 
eastern the Indian Ocean. As has been already stated, Africa is 
separated from Asia by the Red Sea, except at the point where 
they are connected by the narrow isthmus of Suez. 

This division of the great continent is, beyond all comparison, 
the most uncivilised and desert portion of the globe. It includes 
a vast range of country, extending from the northern to the 
southern tropic, and lying, therefore, altogether in the torrid zone. 
By reason of the great extent of desert of which it consists, the 
insalubrity of its climate, and the barbarous character of its 
inhabitants, it is little known to Europeans. 

60. Its Climatological Zones. — It may be considered as con- 
sisting of a succession of zones, separated by parallels of latitude, 
having different physical characters. 
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01. The Tell and Sahara. — The northern zone, included be- 
tween the ridge of Mount Atlas and the Mediterranean, is a band 
of fertile country, generally called the Tell , probably from the 
Latin word tcllus, the earth. South of this is a vast band, 
running east and west, about 1 800 miles broad, comprising Sahara 
or the great desert. This extensive surface consists of tracts of 
sandy and stony soil, rarely producing vegetation, and, when it 
does, of the most scanty description, with the exception of certain 
spots appearing here and there in this ocean of desolation, like 
islands of fertility. These are called Oases, and depend for their 
productiveness on local springs. 

62. Valley of the Xile. — On the west this desert not only 
descends to the verge of the ocean, hut is continued with the same 
character for many miles beneath its surface and beyond the 
coast. On the east, it descends by a series of sterile terraces 
to the valley of the Xile, where the soil suddenly acquires 
a high degree of fertility, which character it retains throughout 
the whole extent of country between the Nile and the lied Sea. 
The entire valley of the Nile, from the skirt of the Desert to the 
Delta, and from the right bank of the river to the* lied Sea, has 
been celebrated in ancient history for its general fertility, a 
character, nevertheless, which is not altogether without exception, 
an example of which is presented in the tract over which the 
route between Cairo and Suez is conducted. 

63. The central Belt of Africa, . immediately south of the 
great desert, has quite a different character, being both fertile 
and populous. 

6*1. The fourth zone, lying south of this, is almost unknown, 
except on its seaboard. It is supposed to consist of an extensive 
and elevated table-land, with lofty mountain-ranges rising out 
of it, from which character it is distinguished in geography as 
High Africa. 

Go. The southern zone of the great African peninsula con- 
sists of a triangular an a, the vertex of which projects into the 
Southern Ocean, and is terminated by the celebrated Cape of 
Good Hope. This part is diversified by hill and valley, and is 
naturally fertile, supplying extensive pasturages. The native 
tribes which inhabit it are the Hottentots and Caflfes. The 
English colony, originally Dutch, has been generally confined to 
the southernmost part of the angle, but has a constant tendency 
to push their territory further north, thereby coming into contact, 
and frequently into conflict, with the natives. 

66. The coasts. — It has been already observed that the coasts 
of Africa are singularly destitute of all projections and indent- 
ations, and, consequently, ill-adapted for commerce. For the 
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same reason, there is a remarkable absence of those numerous 
islands which enrich all coasts deeply indented, which considered 
in their physical character arc in fact parts of the mainland, 
separated from it by valleys so deep as to allow the sea to 
How through them. Madagascar, on the east coast, is the only 
African island. There are. a few islands of much less magnitude, 
called the Comano Islands, between Madagascar and the coast. 
Most of the other islands which appear in the Indian Ocean are 
too distant to be regarded as mere appendages of Africa. 
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and Rocky Mountains. — 92. Cordilleras and Andes. — 93. Andes of 
Patagonia and Chili. — 94. Andes of Bolivia and Peru. — 95. Cordil- 
leras. — 96. Potosi. — 97. Pampas of Patagonia and Buenos Ayres. — 
98. Selvas of the Amazon. — 99. Llanos of Orinoco. — 100. Alleglianies. 
— 101. Eastern plain of North America. — 102. Great valley of the 
Mississippi. — 103. The Prairies. — Outlines of the land.- -104. The 
prevalence of the peninsular form. — 105. The South American penin- 
sula. — 106. The North American peninsula. — 107. The West Indian 
archipelago. — 10S. The peninsula of Florida. — 109. Lower California. 
— 110. Greenland. — 111. Africa. — 112. Australia. — 113. New Zea- 
land. — 114. Similar tendency in smaller regions. — 115. The Spanish 
peninsula. — 116. The Italian peninsula. — 117. The Hellenic penin- 
sula. — 118. The Crimea. — 119. The Scandinavian i>eninsula. — 120. 
European peninsula. — 121. The Indian peninsula. — 122. Further 
India.— 123. Hemisphere of most land. — Rivers. — 124. Formation 
of rivers. — 125. Effect of a single ridge. — 126. Example in the eastern 
continent. — 127. Example in South America. — 128. Effect of parallel 
ridges.- — 129. Chief tributaries considerable rivers. — 130. Example 
of Missouri. — 131. Trifling elevation of watershed. — 132. Portage. — 
133. Examples of rivers in North America. — 134. Eastern rivers. — 
135. Western rivers. — 136. The Mississippi and its tributaries. — 
137. Valley of the Mississippi. — 138. Red River, Arkansas, Ohio. — 
139. St. Louis. — 140. Illinois. 

67. Asia, constituting in geographical extent fully half the 
great continent, and occupied by a population numbering half the 
total amount of the human race, is in many respects an interesting 
quarter of the globe. It is in immediate geographical continuity 
with Europe, separated from Egypt only by the narrow strip of 
water called the lied Sea, and connected with it by the isthmus 
of Suez, and separated on the east from the American continent 
by the narrow neck of water called Behring Straits. Its eastern 
coast is fringed with innumerable islands, and indented by large 
hays and gulfs ; and its southern points are in a certain sense 
connected with the new continent of Australia by the archi- 
pelago which intervenes between the Indian and Pacific Oceans, 
of which the most considerable islands are Sumatra, Borneo, 
Pappua, and Java. The equator traverses the middle of this 
archipelago, the whole extent of which is included between 20° 
of north and 10° of south latitude. 

68. Its plateaux. — The mainland of Asia consists of two ex- 
tensive plateaux, each of which is limited and intersected by 
mountain-chains, from which the surface falls by a succession of 
slopes and terraces to the level of the lowlands. 

69. The eastern plateau, which is the most elevated, includ- 
ing Thibet and the desert of Gobi or Shamo, has an elevation 
varying from 4000 to 15000 feet above the level of the sea. 

This great tableland has for its southern limit the Himalaya 
chain, for its northern the Altai, and the chain called Thian. On 
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the west it is limited by the Bollortagh, and on the east by a 
chain running directly north from Pekin called the Khingan 
mountains. 

70. Its physical character. —The physical character of 
this vast plateau may be in some degree comprehended, when it 
is stated that it consists of three-fourths of a million of square 
miles of surface, having a general elevation greater than that of 
the most lofty mountain-ranges of Europe. 

This plateau descends towards the north by gentle slopes, so 
as to convert the extensive zone of surface along the northern 
coast into a vast plain, the general elevation of which above the 
surface of the sea docs not exceed a few hundred feet. 

On the south and south-east sides, the great plateau advancing 
comparatively close to the coast, the descent is much more rapid. 

71. The western tableland embraces the tract between 
the Caspian Sea and the Persian Gulf on the north and south, 
and the river Indus on the east. It does not exceed 4000 feet in 
elevation, and is generally less. This tract, called the tableland 
of Iran, the ancient Persia, is now divided into (iibul on the 
east, and Persia on the west. Stretching in the direction of 
the north-west to Asia Minor, it slopes gradually down to the 
archipelago. 

72. British India: Dekkan plateau. — One of the geogra- 
phical features of this division of the great continent is the tri- 
angular projection which juts down into the Indian Ocean, and 
constitutes the chief part of the territory of British India. 
This also consists of a plateau, of moderate elevation, called the 
tableland of Dekkan. Between this, which covers the whole 
extent, of the peninsula and the Himalaya mountains which 
run east and west, is a plain of low elevation, called the plain of 
Hindoostan, forming the valley along which the flanges, with its 
tributaries, hows from west to east, forming its delta, and dis- 
charging itself into the Bay of Bengal, at the northern extremity 
of that gulf near Calcutta. The western portion of the same 
plain slopes towards the Arabian Sea, and is the valley similarly 
drained by the Indus and its tributaries. 

73. Australia, formerly called New Holland, is an insular 
mass, whose extent and importance are such that it has ceased to 
be called an island, and is now generally ranked as a continent. 
It is placed south of the line between latitudes 1 b° and 40\ 
Near it are several other islands of less magnitude, the principal 
of which is New Zealand. South of it is a smaller island, formerly 
called Van Diemen’s Land, and now denominated Tasmania. 

74. Australasia. — The group consisting of Australia, Tas- 
mania, New Zealand, and the smaller islands near them, are 
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caUed by modern geographers Australasia, being the most con- 
siderable tracts of land in the southern latitudes. The various 
islands sprinkled in countless numbers over the Pacific Ocean, 
comprising Australasia itself, have received the general name of 
Oceania. 

75. Polynesia. — Those which lie between the Indian Archi- 
pelago and the western coast of America, taken collectively, have 
been called Polynesia. 

76. British Colony; its territory and physical features. — 

From the circumstance of the recent gold discoveries, and the con- 
sequent emigration from the United Kingdom to Australia, this 
colony has acquired a greater interest than any which its mere 
geographical pretensions could claim for it. It may therefore 
be desirable here to notice its physical character and conditions. 

Notwithstanding the immense immigration which has taken 
place, and the excitement attending the mineral researches, of 
which it has become the theatre, the surface of this great island 
has been but very imperfectly explored. One of the most remark- 
able and geographical characters it presents is the complete 
absence of large navigable rivers, and the uniform outline of its 
coast, which has no indentations forming bays, gulfs, or other 
inlets. It is surrounded by a chain of mountains, the sum- 
mit-ridge of which is from 60 to 40 miles from the shore. The 
chain running along the eastern coast, which is best known, 
is called the Australian Alps at the extreme south, the Blue 
Mountains near Sidney, and the Liverpool chain towards the 
north. From the slopes of these mountains a few small rivers 
descend, which are so inconsiderable as to be nearly dry in 
summer. The interior consists of a series of low plains, which 
include good pasturages, and large tracts covered with sand and 
shells, which have an appearance such as would be presented by 
a surface from which the sea had recently retired. Some consider- 
able streams have been seen in the interior, but whether they flow 
into an inland sea like those which run into the great Asiatic 
lake, or are absorbed by the sands, has not been ascertained. 

One of the most curious physical characters connected with this 
island is the existence on its north-eastern coast, at a distance of 
from 20 to 70 miles, of the longest coral reef in the world, measuring 
about 1200 miles in length, and rising out of the bosom of a sea 
said to be fathomless. The breadth of this reef varies from a few 
hundred yards to several miles. 

77. XU climate. — When it is remembered that the extreme 
latitudes of Australia are 15° and 40°, it may be expected that its 
climate must be mild and salubrious. With a drier atmosphere 
it lias all the thermometric characters of Southern Italy. The 
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vegetation seems to be maintained by the deposition of dew, for 
it often happens that intervals of several years elapse without 
rain. When rain docs occur, however, it is periodic, and prevails 
through three months. 

78. Vegetable productions. — The natural vegetable pro- 
ductions are neither considerable nor useful ; there is no species 
of edible fruit. The trees composing the woods appear to be* of 
one uniform family, the foliage being scanty and almost shadow- 
less. On the other hand, transplanted vegetation is easily natu- 
ralised. Districts are found adapted to the cultivation of all sorts 
of grain; hut, for the present, the most advantageous employment 
of the soil is for pasturage. 

79. The indigenous animals are few, being mostly of* the 
family of marsupia, such as the opossum and kangaroo. The 
most remarkable and anomalous of these animals is one called 
the ornithorhynelius, which is a sort of connecting link between 
birds and quadrupeds, having the bill and feet of a duck, and the 
body and fur of a mole. 

80. Minerals — Gold— It is well known that gold in large 
quantities is found in this region. It may be added, however, 
that coal and iron also exist there in inexhaustible quantities, as 
well as marble, lead, and copper. 

81. Aboriginal Tribes.— The native tribes, which appear to 
prevail in but limited numbers, are in the lowest state to which 
nature can sink. They are generally nomadic, but sometimes 
build rude villages, and subsist by fishing on the coast. 

So utterly degraded is their condition, moral and physical, that 
many tribes are unprovided with clothing, practise cannibalism, 
and are wholly destitute of social and religious ideas. 


THE WESTERN, <>U NEW CONTINENT. 

82. Its extent and form. — Like the great eastern continent, 
the western is an oblong tract of land, the length of which inter- 
sects the parallels of latitude obliquely, being directed first from 
the S. S. E. to N. N. W. and then turning eastward in approach- 
ing the pole. It extends from d(> 3 8. lat. to the utmost limit of 
polar discovery. 

83. Divisions — South America.- This continent consists of 
two peninsulas, connected by a narrow tract of considerable 
length. The southern peninsula resembles Africa in its general 
outline, having a triangular form, with its base towards the 
north, and its vertex to the south. It also resembles the African 
continent in having coasts but little* indented by bays or gulfs, 
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but differs from it in being' intersected by large and extensive 
rivers. 

84. Central America is the tract of land uniting South America 
with the northern peninsula. Its southern part being not more 
than 30 miles wide, is denominated the isthmus of Darien or 
Panama, a town of the latter name being on its western coast. 



IV. — r NIT lil» ST AT KS — C A X ADA. 


85. Worth America, like Europe, is indented with numerous 
bays, and its northern division has the largest collections of fresh 
water in the world, consisting of five extensive lakes, — called 
Superior, Michigan, Huron, Erie, and Ontario, which communi- 
cate with each other, and discharge their water through the 
ltiver St. Lawrence into the gulf of that name. 

86. Xts extent and limits. — North America is separated from 
Asia by Behring Strait on the west, and from the large island of 
Greenland by Baffin’s Bay and Davis’s Strait on the nortli and 
east. 

A sort of northern archipelago intervenes between this conti- 
nent and Greenland, into which numerous promontories project, 
and the waters of which are variously denominated, the largest 
of these inlets being Hudson’s Bay. 

87. Xts political divisions.—! n political geography North 
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America consists of several divisions, the central part being the 
United States, the north-eastern British America, the north- 
western angle near Behring Strait, Russian America, and the part 
forming the southern point, Mexico. 

88. Gulf of Mexico and Caribbean Sea. — The large inlet of the 
ocean enclosed between the northern coast of South America, the 
southern coast of North America, and the eastern coast of Mexico 
and Central America, consists of the Gulf of Mexico and the 
Caribbean Sea, its eastern part, sprinkled with the "West Indian 
islands, forming an archipelago. 

89. Relation between the coasts of Old and New Continent. 
— It has been observed by Humboldt, that on comparing the eastern 
coast of South America with the western coast of Africa, the 
same correspondence is observed between them as is usually seen 
in the opposite sides of a valley or ravine ; from wluch he argues 
that the bottom of the Atlantic, which Rows between these conti- 
nents, ought to be regarded as an extensive valley, the sides of 
which, rising to an elevation above the level of the water winch, 
fills it, form the coasts of the two continents. Thus the concavity 
on the African coast, called the Gulf of Guinea, lias a correspond- 
ing convexity on the South American coast forming the territory 
of Brazil, and the convexity at the north-western corner of 
Africa, of which the coast of Morocco forms a part, corresponds 
with the opposite concavity formed by the Caribbean Sea and the 
Gulf of Mexico. So that if the two continents were moved 
towards each other, and brought into contact, their coasts would 
lit into each other, like the dove-tailed edges of carpentry. The 
Atlantic, following the course of this submarine valley, entering 
between the Cape of Good Hope and Cape Horn, flows first in a 
northerly direction, a little towards the east, next, after passing 
the Gulf of Guinea, in a north-westerly direction, and finally, 
after passing the north-western coast of America, in a north- 
easterly direction. 

90. The relief of the western continent is characterised by a 
continuous ridge of considerable elevation, w hich traverses it longi- 
tudinally from its northern to its southern limit, lying much 
nearer to the western than to the eastern coast. 

91. Chippewayan and Rocky Mountains. — The part of this 
ridge or mountain-chain which traverses North America, com- 
mencing at the Frozen Ocean, is called in its northern division 
the Chippewayan range, and in its southern division by the better 
known name of the Rocky Mountains. 

92. Cordilleras and Andes. — After passing along Central Ame- 
rica, this ridge takes the name of the Cordilleras and Andes, 
and rising to much greater heights, and throwing up vast peaks 
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which arc frequently volcanic, it is continued in a direction 
parallel to the western coast of the continent, until it terminates 
in the Tierra del Fuego, the southern point of which is called 
Cape Horn. 

93. Andes of Patagonia and Chili. — Between this point and 
Chili, returning northwards, the slopes of the Andes descend to the 
waters of the Pacific, the coast being lined with numerous islands 
and indented with arms of the sea, an outline which indicates 
the continuation of the mountain range below the waters of the 
ocean ; the capes, promontories, and islands being merely the 
ridges and summits of the spurs and peaks of the main range, 
whose bases are established at the bottom of the ocean. Pro- 
ceeding northward, the general direction of the chain takes a 
more inland course, leaving between its base and the sea a long 
and llat tract of land, whose coast is no longer broken by the 
indentations just described, is completely destitute of islands, and 
forms no shelter for navigators. 

94. Andes of Bolivia and Peru. — Still proceeding northward 
and approaching the Peruvian territory, the general elevation of 
the Andes rapidly increases, and their summits rise to vast 
elevations above the snow-line ; among these is the Xevado 
Aconcagua, having an elevation of 240(H) feet, and being the most 
lofty point of the western continent. This peak w T as originally 
volcanic, but within historic record it has not been active. 

About latitude 24 ' south, the chain takes the name of the 
Peruvian Andes, and here it is at a considerable distance from 
the western coast, from which it is separated by a sandy 
desert. 

95. Cordilleras. — Xortli of 21° lat. south, the chain of the Andes 
diverges into two or three separate ridges, called Cordilleras, 
which arc connected at different points by their common spurs 
issuing transversely to their directions, so as to form a net-work 
enclosing numerous valleys, the bottoms of which arc elevated to 
a considerable height above the level of the sea, forming in many 
cases plateaux and tablelands of great extent, the most remark- 
able of which is that of Desaguadero, which measures 400 miles 
in length, with a breadth varying from 30 to 00, and a general 
elevation of nearly 13000 feet above the level of the sea. Vast 
peaks are thrown up from the borders of this immense plateau to 
the height of more than 8000 feet above the surface, rising far 
above the snow-line. 

96. Potosi. — Upon this extensive tableland, whose area is 
three times that of Switzerland, stands Potosi, the highest city in 
the world, at an elevation of 13330 feet above the level of the 
sea, with a population of 30000. This city is built on the 
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northern declivity of a mountain called Cerro de Potosi, which is 
rich in mineral veins, and especially in silver. 

97. Pampas of Patagonia and Buenos Ayres. — Since, as 
has been explained, this great chain runs close to the western 
coast, it may be expected that a vast tract of plains, or lower 
lands, must extend from the foot of its eastern declivity to 
the eastern coast of the continent. This tract in South America 
is covered with the deserts and pampas, as they are called, of 
Patagonia and Buenos Ayres, the surface of which is sandy and 
marshy, or saline, producing nothing but a scanty pasture and 
stunted trees. 

98. Selvas of Amazon. - Another portion, consisting of 
the valley of the great River Amazon, called Selvas, consists of 
a space of more than two millions of square miles, a part of which 
is covered with natural forests, and the remainder with grassy 
pampas. 

99. Llanos of Orinoco. — The valley of the Orinoco, another 
division, is characterised by vast Hat lands, called Llanos, 
covered with long grass, interspersed here and there with palm 
trees, used by the traveller in these inhospitable regions as land- 
marks. 

100. Alleghanies.— -Extensive lowlands stretch in like manner 
over North America, between the chain of the Rocky Mountains 
and the eastern coast. This division of the continent is also inter- 
sected in a direction parallel to the Rocky Mountains, and nearer 
to the Atlantic by a chain of much lower hills called the Alleg- 
hanies, which, like the former, extend from the Gulf of Mexico to 
the Arctic Ocean, enclosing an area of more than 3,000000 of 
square miles. 

101. Eastern Plain of North America. — Between the 
chain of the Alleghanies and the Atlantic coast is another plain 
parallel to the former, of nearly equal length from north to south, 
but of less width. The eastern coast is indented and fringed with 
numerous bays and creeks, which favour commerce and navigation. 

102. Great Valley of the Mississippi. — The extensive valley 
lying between the chain of the Alleghanies and the Rocky Moun- 
tains is drained by the Mississippi, the largest .and most important 
river in the world, next to the Amazons, which, nevertheless, it 
exceeds in length, though inferior to it in the extent and number 
of its tributaries. 

103. The Prairies. — Among the features which characterise 
the land in the western continent, and more especially in its 
northern part, the Prairies demand especial notice. These are 
vast plains, generally covered by deep herbage, and which form a 
level so dead and uniform, that it is impossible to resist the 
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impression that they must have been once the bottoms of large 
sheets of water, since nothing but sedimentary deposition could 
produce a level so uniform. The extent of many of these plains 
is so great, that in traversing them points may be attained 
from which all the surrounding country will cease to be visible, 
so that the prairie presents to the observer a circular horizon, like 
that witnessed at sea from the deck of a ship. 

As there are, in general, no roads or paths traversing these vast 
plains, the traveller who ventures across them can only guide his 
steps by a compass, or by the stars. 

OUTLINES OF THE LAND. 

104. The prevalence of the peninsular form with the point- 
ing southwards is one of the most remarkable features in the 
configuration of the land. The angular point is also generally 
succeeded or surrounded by one, or several islands ; and where 
such islands are not apparent, the tendency towards their forma- 
tion is discoverable by the soundings, which prove the existence 
of shoals in the places where such islands would otherwise be 
apparent. A general view of the map of the world will strikingly 
illustrate these observations. 

105. The South American Peninsula is an example of such 
a form upon a grand scale. Like all the other forms of this class, 
it is a triangle, having its base presented towards the north, and 
its vertex jutting into the Southern Ocean, where it terminates in 
the point called (Jape Horn. 

Its apex is broken by the ocean into a multitude of islands, 
the largest of which, separated from the main-land by the Straits 
of Magellan, is called the Tierra del Euego, or land of fire, from 
several volcanic peaks wliich rise from it to the altitude of 4000 
feet. The southernmost island of the Fuegian archipelago termi- 
nates in the headland, or promontory, so well known as Cape 
Horn. 

100. The North American Peninsula has a like form, its 
southern point being Mexico ; but instead of terminating in the 
ocean, it is united with the South American peninsula by a tract 
of land called Central America, which, taken as a whole, may 
be regarded as an isthmus, although geographers have, in this 
case, limited that name to its southernmost and narrowest part, 
called the Isthmus of Panama. 

107. The West Indian Archipelago stands in the same rela- 
tion to the North American peninsula as the Euegian archipelago 
to the southern peninsula. This group of islands, celebrated as 
being the theatre of the great discovery of Columbus, is included 
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in tlie tract of water enclosed between the northern coast of 
South, and the southern coast of North, America. When 
Columbus undertook his voyage, his purpose was to sail to India 
round the western hemisphere of the globe, and when he arrived 
at the island of St. Salvador, one of the Bahama group, lie ima- 
gined that he was on the coast of India ; and hence this, and the 
other islands of the archipelago subsequently discovered, came to 
be called the West Indies : they are, however, more commonly 
denominated by French and foreign geographers the Antilles. 

The extensive tract of sea enclosed by the coasts of North 
and South America, and the chain of West Indian Islands, is de- 
nominated the Gulf of Mexico, and the Caribbean Sea ; the former 
being included by the southern coast of North America, and the 
northern of Central America, and the latter by the northern coast 
of South America, the West Indian Islands, and the eastern 
coast of Central America. 

108. The Peninsula of Florida presents another example of 
the like form. It is the southernmost point of North America, 
jutting into the ocean between the Atlantic and the Gulf of 
Mexico, and terminating in Cape Sable, directly north of the well- 
known harbour and city called Ilavannah, in the island of Cuba. 

1(M). Lower California lias the same peninsular form, directed 
southwards. It lies on the western coast of Mexico, from which 
it is separated by an inlet of the Pacilic, called the Gulf of 
California. It is terminated at its southern point in a headland 
called Capo St. Lucas. 

110. Greenland, in the extreme north, presents an example of 
similar formation, being formed into an acute angle, jutting out 
into the Atlantic towards the south. 

111. Africa, in the Old World, is a stupendous example of the 
same peninsular outline. Like South America it is triangular, the 
base being presented to the north, and the vertex to the south. 
There are no islands below its vertex, but the tendency to the 
formation of one is indicated by the shoal called the Lagullas 
Bank, well known to mariners. 

112. Australia has a similar form, terminating with the island 
now called Tasmania, and formerly known as Van Diemen’s 
Land. 

1 1 3. New Zealand, on a much smaller scale, presents a like 
example, terminating with an island called New Leinster. 

114. It is very remarkable that this tendency to the peninsular 
form with a southern vertex, not only prevails in the continents, 
but is discoverable equally in the more minute outlines of the 
land which determines the shores of gulfs, hays, and inland seas* 

11*3. The Spanish Peninsula, including Portugal, is an ex- 
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ample of the same prevailing form, its southern apex being 
marked by the celebrated rock of Gibraltar, separated from the 
northern coast of Africa by the narrow neck of water called the 
Strait of Gibraltar. 

116. The Italian Peninsula juts southwards into the Medi- 
terranean, with the islands of Sicily and Malta, and the small 
archipelago formed by the Lipari Islands, at its southernmost 
point. 

117. The Hellenic Peninsula is a like example, terminated 
by the Morea, and surrounded near its southernmost point by the 
Ionian Islands. 

118. The Crimea, in the Black Sea, is a peninsula of like form 
and position, terminating with a southern vertex near Sebastopol. 

lit). The Scandinavian Peninsula consists of Norway and 
Sweden, and enclosed between the Northern Atlantic on the west, 
and the Baltic and the Gulf of Bothnia on the east, presents, like 
the others, an apex to the south, and Zealand, and other smaller 
islands, lie oil* its southern point. 

120. European Peninsula. — Humboldt observes that Europe 
itself may be regarded as a great peninsula projecting from Asia, 
and enclosed between the Mediterranean and Black Sea on one 
side, and the Baltic and Arctic Ocean on the other. 

121. The Indian Peninsula juts into the ocean southwards, 
having, like the others, a triangular form, and the island Ceylon 
off its southern apex. 

122. Further India. — The tract of bind called Further India, 
lying to the south of China, and including Cochin China, Siam, 
and Burmah, is another example of like form, terminating in the* 
Malayan promontory with Singapore at its apex, and the India]] 
archipelago around its point. 

123. Hemisphere of most ILand. — There is a certain hemi- 
sphere of the globe within which nearly the whole of the land is 
included, the middle point of which is at the south coast of England. 
If an observer were elevated directly above this point, so as to 
obtain a bird’s-eye view of the earth, lie would see the whole of 
Europe, Asia and Africa, North America, and the chief part of South 
America, all comprised within the visible hemisphere: the only 
parts of the land which would be included within the hemisphere 
beyond his view would he the southern point of South America, 
Australia, and the islands of the Indian Archipelago. 

In Map 8, we have given these two hemispheres, having repro- 
duced them from the Physical School Atlas of Alexander Keith 
Johnston, a work which we strongly recommend to students to aid 
them in comprehending this tract. 
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RIVERS. 

121. Formation of Rivers. — The origin of all rivers is 
the evaporation of the ocean. The surface of the oceans and 
seas has an extent, as has been already explained, equal to 
nearly three-fourths of the whole surface of the globe. This 
extensive mass of water is subject to an incessant process of 
evaporation. In this process, the pure water is separated from the 
salt and other solid matter which it holds in solution. The vapour, 
therefore, which ascends into and mixes with the atmosphere, is 
that of pure fresh water. Being lighter bulk for bulk than the air, 
it rises into the higher regions, where it is transported in different 
directions by atmospheric currents. By the operation of tempera- 
ture and electricity, it is converted into clouds, which, attracted 
towards the most elevated points of the land, collect in dense 
masses around the ridges and summits of the mountains, 'where, 
being condensed and reconverted into water, and sometimes con- 
gealed, it is precipitated in the form of rain or snow. From these 
heights it descends by the common principle of gravitation, either 
along the surface of the declivities, or through the fissures and 
interstices of the soil, finding its way to the lower levels ; and, fol- 
lowing these in their devious and winding course, it at length 
returns to the sea, with which it mingles, to be again evapo- 
rated and sent once more through the same series of physical 
changes. 

12o. Effect of a single ridge. — When a tract of country, 
hounded on either side by the sea, is traversed by an elevated 
ridge or chain of mountains, the rain and snow deposited upon 
them descends in streams along their slopes at either side, forming 
at first rivulets, which, coalescing, swell into larger streams, and 
acquire the character of rivers. These, following the declivities 
and winding through the valleys, find their way on the one side 
or the other to the sea. In this case, the general direction of the 
rivers will be at right angles to the ridge which traverses the coun- 
try. The rapidity of their streams will be proportionate to the 
steepness of the declivity, and their length to the distances of 
the prevailing ridge from one or other coast. 

12G. Example in the Eastern Continent* — An example 
of the play of this principle is presented in the great eastern 
continent, where, as has already been explained, the moun- 
tain-chains running from west to east are much nearer to the 
southern than to the northern coast. The rivers, therefore, which 
flow towards the south, are generally shorter and more rapid, 
while those which flow towards the north, passing over exten- 
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sivc tablelands and plains having little declivity, are compara- 
tively long and sluggish. 

127. Example in South America. — South America pre- 
sents a similar example. The chain of the Andes traversing the 
country north and south, and much nearer to the western than 
the eastern coast, gives a similar character to the rivers, those 
which How to the west being short and rapid, and those which 
flow to the east being longer and slower. 

In the northern part of South America, the principal moun- 
tain chain, diverging into several distinct ridges of the Cordilleras, 
produces a complicated system of ravines and valleys, which divert 
the course of the waters in various directions, so that many of 
the rivers flow northwards and north-westwards into the Carib- 
bean Sea. 

128. Eftfcct of Parallel ridges. — AVlun a tract of coun- 
try is traversed by two ridges in nearly parallel directions, their 
declivities, which look towards each other, form a valley of greater 
or less width. The rain precipitated upon these slopes, collecting 
in streams, descends from either side to the lowest point of the 
valley where they coalesce, and settling into a bed or channel, 
flow along the lowest level of the valley, forming a river whose 
course is parallel to the general direction of the bounding ridges, 
and which continues its course until it discharges its waters into 
the sea. 

In ascending a river, it is found, as maj' he expected, that the 
quantity of water which flows in it becomes less and less as the 
distance from its mouth increases. Since the total collection of 
water must he proportionate to the number and magnitude of the 
tributaries above the point of observation, the higher that point 
is, the less will the number of such tributaries be, and consequently 
the less the quantity of water in the main stream. 

129. Chief tributaries considerable rivers. — In the case 
of all the great rivers, the principal tributaries themselves are 
rivers of considerable magnitude and importance, and some 
which have been classed as tributaries might with greater pro- 
priety have been considered as the main stream. 

130. Example of Missouri. — Thus for example the Mississippi 
receives as tributaries, streams so important as the lied River, the 
Arkansas, the Ohio, the Missouri, and the Illinois. Now the 
Missouri is itself a river of much greater length, width, and 
depth than that which above their confluence has been denomi- 
nated the Upper Mississippi, and if, of two confluent streams, the 
greater be entitled to be regarded as the continuation of the 
main stream, the river which is now called the Missouri ought to 
be denominated the Upper Mississippi. 
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13]. It must not be inferred from what has been here stated 
that the valley of every river is formed by slopes, having 
declivities obvious to the eye, or limited by chains of mountains 
of conspicuous elevation. Most commonly it is quite otherwise, 
the declivities of the valley being so gentle as to be almost 
imperceptible, and the summits of the ridges, which limit it, 
having no elevation which entitles them to the name of mountains. 

132. Portage. — Where the navigation of a river is impeded by 
waterfalls, rapids, shallows or other natural obstructions, the 
space over which goods, and sometimes canoes or boats have to be 
carried, to meet the navigable part of the stream again, is called 
a portage. 

1 33. Examples of rivers of North America. — This division 
of the western continent being traversed by two ridges, the Rocky 
Mountains and the Alleghanies, whose general directions are nearly 
parallel, is divided into three zones, running north and south, the 
centre and broadest of which is included between the two ridges, 
the eastern zone sloping down from the Alleghanies to the Atlantic, 
and the western from the Rocky Mountains to the Pacific. 

134. Eastern rivers. — The disposition of the general relief 
of the continent, shown by a section of it, running east and west, 
determines three different directions for the rivers. Those which 
are formed of the drainage of the eastern slopes of the Alleghanies, 
flow eastward into the Atlantic, and the distance of the ridge of 
the Alleghanies from the Atlantic coast not being great, and the 
surface of the intervening zone being nearly plane, the lengths of 
the rivers are inconsiderable, and their streams not rapid. 

13.3. Western rivers. — In the same manner the drainage of 
the western slope of the Rocky Mountains forms a series of rivers 
which flowing westward fall into the Pacific. 

136. The Mississippi and its tributaries. — The great ex- 
tent of the valley included between the ridges of the Alleghanies 
and the Rocky Mountains, and its great capacity for cultivation, 
confer upon it an importance which is immensely augmented by 
the great length through which the rivers which traverse it, arc 
navigable. 

137. The drainage of the western slopes of the Alleghanies, and 
that of the eastern slopes of the Rocky Mountains, form two 
systems of rivers, the one flowing from west to east, and the other 
from cast to west, and meeting in a common bed in the centre of 
the valley. They thus form a main stream traversing the valley 
from north to south, the magnitude of which increases as it 
descends southwards, in proportion to the number and magnitude 
of the streams which flow into it from the one side or the other. 
This central stream is the Mississippi, which gives its name 
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to the entire valley, extending from the Gulf of Mexico, into 
which its waters fall, to the great northern lakes. 

138. Red River — Arkansas— Ohio. — New Orleans, which is 
the port of the Mississippi, is built at the confluence of the arms of 
its Delta, about one hundred miles above its mouth. Ascending the 
river from this point, we encounter successively its vast tributaries, 
the first of which is called the lied River, which flows into it from 
the slope of the Rocky Mountains upon its right hank. Proceeding 
upwards, the next is the Arkansas, on the same side, which itself 
receives at various points of its course subordinate affluents, among 
which the principal are the Canadian, the Red Fork, the Salt 
Fork, &e. A little higher, we come to the Ohio, flowing from 
the east, after having traversed a vast extent of the great valley, 
and receiving several large tributaries, such as the Cumberland, 
the Tennessee, the Wabash, &c. The Ohio carries the chief part of 
the commerce of the states of Tennessee, Kentucky, Virginia, 
Ohio, Indiana, Illinois, and the western part of Pennsylvania. It 
washes Pittsburgh, Cincinnati, and Louisville, while its tribu- 
taries reach the principal towns of the interior of the adjacent 
states. It is navigated by steam-boats of the largest class as 
high as Pittsburgh. 

139. St. X.ouis. — Returning to the confluence of the Ohio and 
the Mississippi, and continuing to ascend the latter river, we 
arrive at St. Louis, a city of the first importance, and likely one 
day to become the great capital of the valley of the Mississippi 
and the western division of the States, with New Orleans for its 
port. Already we see ranged along its quays hundreds of steam- 
boats of immense tonnage, which ply incessantly between it and 
New Orleans, carrying down the stream the produce of the 
interior, and up, innumerable articles of importation. 

140. Illinois. — Immediately above St. Louis we arrive nt a 
point marked by the confluence of three streams, one flowing from 
the north-east, one from the north, and the other from the 
north-west, the last being the most considerable. The first is the 
Illinois river; the second, though less considerable than the third, 
is taken by geographers as the continuance of the main stream of 
the Mississippi ; and the third and greatest is the Missouri, regarded 
as a tributary of Mississippi. 

The Illinois river ascends the state of that name in a north- 
easterly direction, and is navigable for a considerable distance to 
a point where it is connected by a canal with Lake Michigan 
at Chicago. By this means a continuous water-communication is 
established between New Orleans and the northern lakes, and by 
those lakes with the St. Lawrence. 
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141. Source of Mississippi. — Ascending the main stream from 
its point of confluence with the Missouri, after passing several 
tributaries of less importance, we arrive at the falls of St. Anthony, 
which constitute the limit of its navigable course. Above these 
we find its source in a sheet of water, called Lake Istaca, situate 
near the northern limit of the territory of the United States, 
and at a short distance west of Lake Superior. 

142. Missouri and its tributaries.— Returning to the con- 
fluence of the Mississippi with the Missouri, and ascending the 
latter stream, we find innumerable tributaries, variously denomi- 
nated Smoky-hill-fork, Republican-fork, ITatt-river, White- 
river, Yellow-stone-river, Ac., until the stream, reduced to a 
number of diverging threads, loses itself in the flanks of the 
Rocky Mountains. 

Such is a brief and rapid view of this prodigious vein of inland 
navigation. As shown in our general plan of the rivers, the total 
length of the Mississippi and its chief tributary is estimated at 
4500 miles. 

143. The Amazons. — Among the rivers of Southern America, 
which flow from the western declivities of the chain of the Andes, 
by far the most important is the Amazons, which, considered 
merely in its geographical character, ranks as the greatest of 
rivers. The total length from the mouth to the source of any one 
of its thousand tributaries, is less than the length of the 
Mississippi similarly measured, but numerous and large as the 
tributaries of the latter are, those of tin* Amazons are still 
greater in number, width, and depth. 

This immense stream, and its countless affluents, drain a 
vast plain lying between the tableland of Rrazil, on the south, 
and the chain of mountains rising from a similar tableland of 
•less extent, on the north, called the tableland of Paramo. It 
receives tributaries accordingly from an extensive series of 
declivities completely surrounding it, from those of Brazil on the 
south, from the Andes of Peru on the south-west, from the Andes 
of Quito on the north-west, and from those of the mountain- 
chains of Paramo on the north. 

The plain and surrounding declivities drained by this immense 
river system, is little less in extent than 3,000000 of square 
miles, being ten times the magnitude of the French empire. Its 
largest branch, considered as the commencement of the main 
stream, is called the Maranon, a name which is sometimes applied 
to the entire river. The main river and its tributaries are 
navigable at distances of nearly 2500 miles from its mouth, and 
its width, near its mouth, being nearly 100 miles, it resembles an 
arm of the sea more than a river. 
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144. The tributaries of tliis river are severally so considerable 
in magnitude and importance, that geographers are not agreed 
as to which of them should be regarded as the main stream, and 
the name Amazon is generally confined to the part of the river 
below the confluence of several chief tributaries, which unite 
nearly at the point where the Rio Negro or Black River joins the 
Amazons. A view *of a good map of this part of Southern 
America, will give the reader a more clear idea of the course of 
this river and its tributaries, than could any mere verbal descrip- 
tion. The greater tributaries are above twenty in number, 
all of which are navigable to a point near their sources, while 
the lesser ones are countless. 

Notwithstanding the geographical superiority of the Amazons, 
and its vast extent of navigable water, it is inferior in commercial 
importance to the Mississippi ; the districts of country traversed 
by the river and its branches consisting of tracts of natural 
forest, and uncleared and uninhabited ground. 

14o. The Orinoco, another of the great rivers of the 
southern division of the new continent, drains a valley in- 
cluded between the tableland of Paramo, the eastern chain of 
the Cordilleras, and the plateau of Caraceas. This river, 
having its source near that of the Negro, Hows first north, 
and then east, discharging its waters into the Atlantic, through 
a delta, at the borders of the Caribbean sea, opposite the island 
of Trinidad. 

14b. The Rio de la Plata.— The third great river of South 
America is that which near its source is called the Parana, and 
near its mouth the Plata. It discharges its waters into the South 
Atlantic, at Buenos Ayres, after having flowed down a valley 
included between the Andes of Chili and the Brazilian mountains. 
The length of this river is estimated at 2700 miles, and for 200 
miles above its mouth it is nowhere less than 170 miles wide. 

147. The River System of Europe is as inferior to that of 
the new continent in geographical, as it is superior to it in com- 
mercial and social importance. With the exception of some of 
the lines of river-communication in the United States, the world 
can afford no parallel for the spectacle of commercial and 
social movement presented by the European rivers. The gentle 
declivities of the water-sheds from which they derive their 
sources, and the general flatness of the plains over which they 
flow, are eminently favourable to their commercial utility. 

In the western division of Europe, the chain of the Alps and the 
German mountains form the ridge, along the slopes of which, 
north and south, the waters flow towards the Atlantic on the one 
side, and the Mediterranean and Black Sea on the other. In the 
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eastern division there is no mountain-chain thus to divide the 
drainage. A slight and imperceptible elevation of the general 
plain produces two opposite water-sheds, commencing in a low 
range of hills separating the sources of the Dnieper from those 
of the Vistula, and winding along the plain to the tableland of 
Valdai, which forms its summit, 1200 feet above the level of the 
sea. The ridge then turns northward towards Lake Onega, and, 
following a winding course, terminates in the Ural Mountains, 
about 62 u N. lat. 

The drainage of the north side of this ridge forms the rivers 
which ilow into the Baltic and the White .Sea, that of its southern 
declivity those which ilow into the Black Sea and the Caspian. 

148. General Plan of the Rivers of the World.— The prin- 
cipal rivers of the world, with their tributaries, their embouchures, 
and their sources, are exhibited in one general plan oil the oppo- 
site page, where their lengths arc indicated. 

CLIMATE. 

14ii. Since the prevailing character of the animal and vegetable 
kingdoms, in each division of the earth’?, surface, depends eliietly 
on climate, it is necessary, on that account alone, independent of 
many other considerations, that the student in geography should 
be rendered familiar with the conditions, which in each part of 
the globe determine the varying vicissitudes and temperature of 
the seasons. 

150. Dependence of Climate on Latitude. — The first and 
chief condition which determines the climate of a country, is its 
position with respect to the equator. It may be stated, subject 
to some special qualilications, that the nearer any country is to 
the Line, or what is the same, the lower its latitude, the higher 
will be the mean temperature of its seasons. 

The reason of this is partly geographical aud partly astro- 
nomical. 

The earth revolves diurnallv upon an axis, so directed that 
the equatorial parts are presented either exactly or nearly to 
the sun. They are presented exactly to that luminary at the 
epochs of the equinoxes, in March and September. From March 
to June they are gradually more inclined from the sun towards 
the south, the northern hemisphere inclining towards that 
luminary, so as to receive its rays more directly, and in greater 
quantity than the southern hemisphere. This inclination of 
the globe increases constantly from March to June, and then 
decreases from June to September. The northern hemisphere 
is thus more and more exposed to the light and warmth of the 
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sun, from March to June; the days during that interval are 
gradually longer and warmer. It is constantly less inclined 
from June to September ; the days during that interval are 
gradually shorter and less warm. 

Hence it is, that in the northern hemisphere the longest days 
and highest temperature take place after .1 une, the temperature 
after March being more moderate. The interval between March 
and June constitutes, therefore, the spring, and the interval 
between June and September, when the accumulated effects 
of heat are greater, the summer. 

151. This varying position of the earth towards the sun will be 
rendered more easily intelligible by illustrative diagrams. 

Let x s in these four figures represent the axis of the earth, 
x being the north, and s the south pole. Let e q at right angles 
to x s be the equator, and let s' be the direction of the sun. 

152. In tig. 8 is shown the position of the earth on the 21st of 
March, the day of the spring equinox. The equator E is then 
presented exactly in the direction of the sun, the light and heat 
of which are equally distributed between the two hemispheres. 


Fig. $. F»g- In- 



sist September. ‘Jlst l>ei*einl>er. 


The boundary of the enlightened hemisphere passes through the 
poles x^and s, and divides into two equal parts all the parallels 
of latitude. As the earth revolves, therefore, upon its axis, each 
place upon its surface is during equal intervals exposed to and 
withdrawn from the sun’s light. In other words, the days and 
nights are equal in all parts of the earth. 
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153. As the earth turns upon its axis n s, all the places upon 
the equator E u are brought successively to the point e, directly 
under the sun. In other words, at all such places the sun is 
vertical daily at noon. 

154. At all other parts of the earth between e and x, or 
between E and s, the sun is seen at noon obliquely, or what is the 
same, it is at a distance greater or less from the zenith. And 
the more distant the place is from the equator, the more distant 
will the sun be from the zenith at noon. 

155. But since the thermal influence of the sun depends in a 
great degree upon its proximity to the zenith at noon, it follows 
that this influence will gradually decrease in going from i: to x, 
or from E to s. The temperature, therefore, of the climate at the 
time of the equinox will gradually diminish as the latitude 
increases. 

But since any two places at equal distances from the equator, 
north and south, would be presented towards the sun at noon with 
equal obliquities, it follows that so far as depends on this circum- 
stance, the thermal influence of the sun at places having equal 
latitudes north and south, will be the same at the time of the 
equinoxes. 

150. The position of the earth with relation to the sun on the 
21st of June is shown in fig. !). The equator E in the interval 
between the 21st of March and the 21st of .Tune, has gradually 
declined to the south. The north pole x has consequently been 
turned more and more towards the sun s', and the south pole s has 
beeu turned more and more from it. In this position, therefore, it 
is evident that the sun shines more fully on the northern, and less 
so on the southern hemisphere. The point T, to which it is 
vertical at noon, is now, not as in the former case upon the 
equator, hut at the distance of 23 A north of it. Places in the 
northern hemisphere 1 above this point are shone upon by the sun 
at noon with much less obliquity than places having equal lati- 
tudes in the southern hemisphere. 

157. The circle which bounds the hemisphere of the earth 
enlightened by the sun, divides all the parallels of latitude 
unequally, the larger part of those in the northern hemisphere 
being enlightened, and the larger part of those in the southern 
hemisphere being dark. 

It follows, therefore, that at this time the days are longer than 
the nights in the northern, and the nights longer than the days in 
the southern hemisphere. 

158. Now the temperature of the seasons, in any given place, 
depends conjointly on the altitude to which the sun rises, and on 
the length of the day ; for the greater the altitude is, the more 
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directly will the solar rays fall upon the place ; and the longer 
the day is, the longer will he the interval during which the 
thermal influence of the sun is exerted, and the shorter will be 
the interval during which its presence will be withdrawn. 

159. For all these reasons, therefore, on the 21st of June, when 
the northern hemisphere is most inclined towards the sun, and 
the southern most inclined from it, the thermal influence of the sun 
will be greater in the northern, and less in the southern hemi- 
sphere, than at any time from the 21 st of March to the 21 st of J une. 

During this interval the northern hemisphere is gradually 
more and more inclined towards the sun, and therefore the length 
of the day is continually increasing, as well as the altitude to 
which the sun ri>es at noon. These two circumstances combine 
in gradually increasing the thermal influence of the sun from the 
21st of March to the 21st of June. 

The same circumstances will show that during the same interval, 
the thermal influence of the sun in the southern hemisphere is 
gradually diminished ; the days being there constantly shorter, 
and the altitude to which the sun rises at noon constantly less. 

After the 21st of June the northern hemisphere is gradually less 
and less inclined towards the sun, and the southern less and less 
inclined from it, until at length on the 21st of September, the day 
of the autumnal equinox, the earth resumes the position, tig. 10, 
with relation to the sun which it had on the 2 1st of March, the 
equator Y, being then, as before 1 , directed exactly towards the sun. 

160. The two hemispheres therefore, as in March, being equally 
exposed to the sun, receive from it the same thermal influence, 
and the parallels of latitude being all bisected by the circle 
which bounds tin* enlightened hemisphere, the days and nights 
arc equal at all parts of the earth. 

Since the altitude to which the sun rises, and the length of the 
days at equal intervals before and after the 21st of Juno, are 
the same, and therefore the thermal influence of the sun also the 
same, it might be inferred that the temperature of the weather 
would likewise be the same ; and if this inference were just, it 
would follow that the season from the 21st of March to the 21st of 
June, would be similar in all its thermal characters to the season 
from the 21st of June to the 21st of September, except that the 
succession of temperatures would be developed in a contrary 
order. Thus it would be expected that the temperature of the 
weather ten or twenty days after the 21st of June would be 
identical with its temperature ten or twenty days before the 21st 
of June. 

161. But it is notorious that the thermal phenomena are not at 
all in accordance with this ; the season from the 21st of March to the 

168 



CLIMATE. 


21st of June, called the Spring, having generally a much lower 
temperature than the season from the 21st of June to the 21st of 
September, called the Summer. 

Let us see, then, whether we cannot render evident the cause 
of this. 

The temperature of the weather in a given place, depends not 
exclusively upon the thermal influence exercised by the sun 
during each day. It must be remembered that when the days are 
much longer than the nights, and the sun rises to a considerable 
altitude, a greater quantity of heat is imparted to the atmosphere 
and to all objects upon the surface during the day, than is lost 
during the night, and, consequently, an increment of heat is 
given to all such objects every twenty -four hours. The conse- 
quence is, that the general effect of the sun’s thermal influence 
during each successive twenty-four hours is to augment the 
temperature, and thus to increase by accumulation the heat from 
day to day ; and this daily increase will obviously continue until, 
by the shortening of the days and the decrease of the sun’s 
altitude, the increment of heat during the day becomes equal to 
its decrement during the night. The day on which that takes 
place will be the hottest day, because it will be that upon which 
the daily accumulation will cease. After this, the days being 
further shortened, and the sun’s altitude further diminished, the 
increment of heat during the day will be less than its decrement 
during tin 4 night, and after each interval of twenty-four hours 
there will be on the whole a decrease of heat, and so the tempe- 
rature of the weather will be diminished. 

102. Now, from a due consideration of these circumstances, it 
will be easy to set' why the season of summer is warmer than the 
season of spring, although the sun’s altitude and the length of 
the days are, on the whole, precisely the same both in one season 
and the other, only succeeding each other in a contrary order. 
Until the 21st of June the daily thermal influence of the sun con- 
tinually increases, for the reasons just explained, and it is greater 
on the 21st of June than on any other day before or after. But 
although this thermal influence decreases after the 21st of June it is 
still considerable, and from day to day adds something more or less 
to the heat already accumulated in the atmosphere, and conse- 
quently continues to augment the temperature ; and this increase 
only ceases, when the thermal action of the sun during the day, 
begins to be counteracted and balanced by the loss of heat during 
the night. 

1(>3. lienee it arises that a certain interval, from the 21st of 
June to the latter part of July, is generally the hottest part of 
the summer, being called the Dog-days, either because of the 
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prevalence of canine madness during that period, or because at an 
early epoch in astronomical history the Dog-star rose before the 
sun in the morning at that season, and thus harbingered the God 
of Day. It may even have happened that tho Dog-star took its 
name originally, from the prevalence of canine madness at that 
season. 

164. The circumstances which explain the phenomena of summer 
in the northern hemisphere, will also explain those of winter during 
the same interval in the southern hemisphere, since the southern 
hemisphere at all times is inclined from the sun, exactly as much 
as the northern hemisphere is inclined towards it, as will be 
apparent by reference to tig. 9. 

16o. After the ‘21st of September (fig. 10), the day of the 
autumnal equinox, tho equator is gradually inclined towards the 
north, and the northern hemisphere gradually inclined from the 
sun, and this inclination constantly increases until tho ‘21st 
of December, when it is greatest, as shown in fig. 1 1 . 

The solar rays, as will he apparent from the figure, then fall 
with greatest obliquity on the northern hemisphere, and with 
least obliquity on the southern. The parallels of latitude are un- 
equally divided, in both hemispheres, by the circle which hounds 
the enlightened part of the earth. In the northern hemisphere 
the greater portions of these parallels are dark, and the lesser 
portions enlightened, while the contrary takes place in the southern 
hemisphere. The days are, therefore, shorter than the nights in 
the northern, and longer in the southern hemisphere ; and the 
sun rises only to low altitudes in the former, but to considerable 
altitudes in the latter. In tine, all the circumstances show that, 
in this position of the earth, the summer commences in the 
southern, and the winter in the northern hemisphere. 

166. After the 21st of December, the inclination of the northerit 
hemisphere from the sun gradually and constantly diminishes 
until the 21st of March, when the equator is once more presented 
directly to the sun, which affects both hemispheres alike. 

Since the 21st of December is the shortest day, and that upon 
which the sun rises to the least altitude, it is consequently that on 
which its thermal influence is least, and it might therefore he 
expected to be the coldest day, and consequently to be mid- 
winter. It is notorious, on the contrary, that the coldest weather 
is at a later period. This is explained upon the same principles 
exactly, as those which show why the 21st of *June is not the 
hottest day. 

167. The decrement of heat which takes place in the atmosphere 
owing to the length of the night, the shortness of the day, and 
the low altitude of the sun on the 21st of December, is greater 
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than the decrement on any succeeding day ; but still on these 
succeeding days there is still a decrement of heat, though a less 
one, and therefore on the whole the temperature must continue to 
fall, and it will so continue until by the increasing length of the 
day, and the decreasing length of the night, and the increasing 
altitude of the sun, the increment of heat during the day becomes 
equal to its decrement during the night ; after that takes place, the 
result of the sun’s influence during each twenty-four hours will be 
on the whole an increase of heat, and the temperature of the 
weather will accordingly be augmented. 

Hence it is that the winter season in the northern hemisphere is 
the interval between the 21st of December and the spring equinox ; 
the same interval being the summer season in the southern 
hemisphere. 

The altitude to which the sun rises at noon constantly increases 
until the 21st of June, when it becomes as it were stationary, 
and afterwards decreases. In the same manner the altitude at 
noon constantly decreases until the 21st of December, after which 
it increases, having remained in like manner stationary for a 
certain interval. These two epochs have therefore been called 
the solstices, one being denominated the summer, and the other 
the winter solstice, from a. Latin word which signifies the standing 
or stationary position of the sun. 

108. When the northern hemisphere is most inclined towards 
the sun, as shown in fig. 9, the sun is vertical at noon to all 
places at 23o° north of the equator, before that day, and after 
it, the sun’s altitude at noon is less than 90°, and consequently it 
docs not reach the zenith. Tt may be considered therefore 
gradually to approach the zenith at sueli places until the 21st of 
June, and then gradually to recede from it. 

From this circumstance the parallel of latitude which passes 
through such places has been called the tropic. 

Similar phenomena are produced at the corresponding parallel 
of south latitude, and these parallels are accordingly called 
respectively, the northern and southern tropic, or the Tropic of 
Cancer and the Tropic of Capricorn . 

109. It will be evident, by considering the diagrams, tig. 9 and 
jig. 1 1 , that the sun can never bo vertical at noon to any part of 
the earth except to places which lie between the tropics, and at 
all such places it is vertical at noon twice in the j T ear. 

170. These astronomical causes of the vicissitudes of the seasons 
may be further illustrated by the diagram, tig. 12, which pre- 
sents a perspective view of the earth in twelve successive positions 
which it assumes in one revolution round the sun, the observer 
being supposed to view it from the north side of the plane of its 
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orbit. Its motion in that ease is in a direction contrary to that 
of the hands of a clock, or to that of a common screw when turned 
so as to cause it to move inwards or forwards. 

'While the globe thus moves round the sun, its axis keeps con- 
stantly the same direction, so that in any one position it is 


Fig. 12. 

"1st Sept. 



parallel to the direction which it had in any other position. On 
the 21st of June, as shown to the right of the diagram, the 
northern extremity of the axis, or the north pole, leans towards 
the sun through an angle of 23i°. If we suppose a parallel of 
latitude to be described at that distance from the pole, all places 
within that parallel will receive the light of the sun, and the 
rotation of the globe on its axis will not throw any of these places 
upon the dark side of the earth. It follows, therefore, that on 
the 21st of June the sun does not set at all to any place above 
that parallel, and there is consequently twenty- four hours day. 

By referring to the position of the earth, on the extreme left 
of the figure, which it has on the 21st of December, it will be seen 
that then the north pole is inclined from the sun, just as much as 
it was inclined towards it on the 21st of June, and that the same 
places, bounded by the parallel of latitude 23^ from the pole, 
which on the 21st of June lay altogether on the enlightened side 
of the globe, and enjoyed twenty-four hours day, now lie on 
the dark side, and have twenty-four hours night. As the sun 
never sets to such places on the 21st of June, so it never rises 
to them on the 21st of December. 

In the positions successively assumed by the earth, in July and 
August, the north pole is less and less inclined towards the sun, 
and the part around it, which has no sunset, is limited by a less 
and less parallel of latitude. On the 21st of September, the equator 
being presented to the sun, there is no part around the pole 
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which has continual day, all places being twelve hours exposed 
to the sun, and twelve hours removed from it. 

After the 21st of September, the north pole begins to incline 
from the sun, and in October, a small portion around it is entirely 
deprived of the sun’s light. This portion, thus involved in con- 
tinual night, constantly increases in extent until the 21st of 
December, when it extends to the parallel of latitude already 
mentioned. After the 21st of December, the north pole is less 
and less inclined from the sun, so that the portion involved in 
continual night is less in January, and still less in February, 
and on the 21st of March, as on the 21st o t September, there are 
twelve hours day and twelve hours night to all places. 

After the 21st of March, the north pole begins again to lean 
towards the sun, and a portion of the earth around it enjoys 
continual day, this portion increasing in extent during the 
months of April and May, and attaining its . greatest magnitude 
on the 21st ol June, when its extent, as already explained, is 
a circle 23|° irom the pole. 

171. The parallel which is 23|° irom the pole, is 66 from 
the equator, and consequently has the latitude north of 66i°. 

This parallel of latitude is called the Arctic or Polar Circle , 
and the polar legion included by it is called the Friyid 
Zone, 

All the circumstances, which are here explained, respecting the 
north polar region, circumscribed bjr the arctic circle, will be 
equally applicable to the corresponding region, circumscribed by 
a circle 23^° Irom the south pole. Such a circle is called the 
South Polar or Antarctic Circle , and the polar region circum- 
scribed by it is the Southern Friyid Zone, 

172. Although the diurnal and nocturnal phenomena of the two 
frigid zones, northern and southern, are precisely the same, they 
are not simultaneous, those which are identical being produced 
at opposite epochs of the year, as will be rendered evident by 
examining attentively the several positions of the illuminated and 
dark hemispheres of the globe in the successive months, in 
lig. 12. When the entire north polar circle is enlightened on 
the 21st of June, the entire south polar circle is dark. There is 
continual day in the one, and continual night in the other. On 
the contrary, when the entire north polar circle is dark on the 
21st of December, the entire south polar circle is enlightened. 
There is continual night in the one, and continual day in the 
other. 

The phenomena on the 21st of June, therefore, in the northern 
frigid zone, are identical with those of the 21st of December in 
the southern frigid zone, and vice versa , 


173 



THE SURFACE OF THE EARTH. 


In the like manner, there is just so much of the northern polar 
region enlightened, and of the southern polar region darkened, in 
July, as there is of the northern polar region darkened, and the 
southern enlightened, in January. The diurnal and nocturnal 
vicissitudes, therefore, of the northern frigid zone in July, are 
identical with those of the southern frigid zone in January, and 
vice versa. 

If the reader will take the trouble of following the position of 
the earth from month to month, as shown in tig. 12, he will be 
able to satisfy himself, that at all intervals of six months the 
vicissitudes of light and darkness are in the same way reci- 
procated between the two frigid zones. 

It might be inferred, that the continual presence of the sun 
above the horizon, would necessarily produce a great calorific 
effect ; and at least during that portion of the year, during 
which the}' are respectively inclined towards the sun, the polar 
circles would enjoy intense heat. That such, however, is not 
the case is easily explained. The heat imparted by the sun 
to any part of the earth exposed to its influence, depends, as 
already stated, on two conditions : first, the altitude to which 
it rises, and secondly, its continuance above the horizon, or the 
length of the day. But the former condition has a vastly 
greater influence upon the thermal effects than the latter* 
Although, therefore, the continuance of the sun above the 
horizon, at the polar circles, is favourable to the development 
of heat, yet the very low altitude to which it rises counter- 
acts this effect ; so that within the polar circles, even witli 
the influence produced by the continuous presence of the sun, 
the general temperature is invariably below that at which 
water freezes. 

It is from this continuance of a temperature so low that the 
frigid zone has taken its name. 

173. Torrid Zone. — The part of the earth inchided between 
the tropical circles, which comprises all places having a latitude 
less than 23j°, is called the Torrid Zone . 

Although the exposure of these regions to the heat of the sun 
varies within certain limits between December and June, being most 
completely presented to that luminary in M arch and September, 
they, nevertheless, receive the solar influence in a much more 
powerful degree, than the parts of the globe having higher lati- 
tudes in the one hemisphere and the other. 

It is demonstrated in^ physics, that the heating power of the 
sun’s rays falling upon any object increases in proportion as they 
approach to the perpendicular direction upon it. At the time of 
the equinoxes, therefore, the noon-day sun upon the Line, project- 
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ing its rays perpendicularly downwards, produces tlie greatest 
possible calorific effect. 

At these times, also, the sun, rising precisely in the east, 
ascends the heavens at right angles to the horizon, until at noon it 
reaches the zenith ; after which it descends perpendicularly in like 
manner, and sets precisely in the west. 

174. Sun vertical twice a year in the Torrid Zone. — 
Every point of the torrid zone is presented, at one period or 
another of the year, directly to the sun, so that there are two 
days in the year upon which the sun at noon is vertical at such 
places, and its extreme departure from the zenith at noon is 
always very limited. Thus to places on the Line, the sun at noon 
never departs from the zenith more than 23£°, and even at the 
limits of the torrid zone, that is, at the latitude 23^ 3 north or 
south, the sun which on the 21st of June is vertical at noon in 
the northern, and on the 21st December in the southern hemi- 
sphere, is not more than 47° from the zenith at noon on the 21st of 
December in the northern, and on the 21st- of June in the southern 
hemisphere ; for all places within the tropics the extreme distance 
of the sun from the zenith at noon must always be less than 47°. 

Indeed it may be stated generally, that for places between the 
tropics, the greatest distance of the sun at noon from the zenith 
will be found by adding 23J U to the latitude of the place, and 
that twice in the year it passes through the zenith at noon. 

When it is considered that the temperature of the weather 
mainly depends on the distance of the sun from the zenith at noon, 
increasing as that distance decreases, it will be easily understood 
why the climate of the torrid zone is characterised by that ex- 
tremely elevated temperature from which it takes its name ; for 
although the sun at noon, during a certain part of the year, is at 
a distance more or less considerable from the zenith, the interval 
during which it has this distance is comparatively short, and that 
during which it is in or near the zenith much more considerable. 

The hottest seasons occur, not as might be first supposed, upon 
tbe Line, but at and within a limited number of degrees of the 
tropics ; because at such latitudes the sun at midsummer con- 
tinues to cross the meridian very near to the zenith for a much 
more considerable time than on the Line at the epochs of the 
equinoxes, where its change of declination is much more rapid. 

175. Temperate Zone.— Tlie parts of the globe included 
between the limits of the torrid and frigid zones, — that is between 
the latitudes 23 and 6GJ°, — is exempt from the extremes of 
temperature which characterise the one and the other of these 
regions. "Within its limits the sun never ascends to the zenith, 
nor on the other hand are the phenomena of continuous day or 
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continuous night ever witnessed. The warmth of summer is 
produced by long days, combined with moderate meridian 
altitudes, and the rigour of winter is mitigated by the presence of 
the sun above the horizon for a considerable interval, even on the 
shortest days. 

It must not be understood, that within the limits of what is 
thus called the temperate zone, the climates are uniformly the 
same. On the contrary, in approaching those limits, at which it 
is united with the torrid and the frigid zones, the character of 
the climates approach gradually to those peculiar to the one extreme; 
zone and the other, so that the climates of the higher latitudes of 
the temperate zone differs but little from those of the lower 
latitudes of the frigid zone, while those of the lower latitudes of 
the temperate zone, approximate gradually and insensibly to 
those of the higher latitudes of the torrid zone. In fact, within 
the limits of the temperate zone are included a much greater 
variety of climates than any which characterise either of the 
extreme zones. 
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176. Climate dependent on elevation. Snow ILine. — It has 
been explained in our Tract on Terrestrial Heat, that as we 
ascend into the atmosphere from the level of the sea, the mean 
temperature gradually decreases, and beyond a certain elevation 
it falls even below the freezing point of water ; above this limit, 
therefore water cannot exist in the liquid state, and must assume 
the state of snow or ice. Such an elevation is accordingly 
designated the limit of perpetual snow, and it is marked on all 
lofty mountains by the limits of their snow-covered sides. This 
boundary is accordingly called the Snow Line. 

It may be stated as a general fact, subject nevertheless to 
some local qualification, that the elevation of the snow-line is 
greatest at those parts of the earth, where the climate at the level 
of the sea is hottest, and that its elevation decreases with the 
decrease of the mean temperature of the same level. The snow- 
line, therefore, has the greatest elevation within the tropics, and 
decreases gradually with the increase of latitude, until at the 
polar circles it falls to the surface. 

Since climate therefore varies, not only with the latitude but 
with the elevation of the place above the level of the sea, it 
follows that in mountainous regions variety of climates will 
prevail, depending on the elevation of the summits. If that 
elevation exceed the limits of the snow-line, all varieties of 
climate between that which characterises the sea level, or 
which is natural to the plateaux on which the mountains stand, 
and the climate of the poles are found, and consequently a 
corresponding variety of natural productions, vegetable and 
animal, and corresponding susceptibilities of culture prevail. 
This is a circumstance which gives much interest to mountainous 
countries, and often confers upon them great commercial and 
social advantages. 

It is evident, also, that the higher the mean temperature of 
the plateaux is upon which snow-capped mountain ranges stand, 
the greater will be the varieties of climates exhibited between 
their summits and their bases, and the greater consequently will 
be also the variety of natural productions and artificial culture. 
Hence arises the magnificent display of vegetation exhibited in 
those ranges of the Andes and Cordilleras, and other lofty ridges 
which intersect the torrid zone. 

177. Vegetation of the Himalayas. — Although the chain of 
the Himalayas far exceeds in elevation the Andes and Cordilleras 
of South America, they are thus, from their geographical position, 
being situate far beyond the 'limits of the torrid zone, excluded 
from the advantages here noticed, and they present none of 
that inexhaustible variety of phenomena by which the ridges 
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which rise to such vast altitudes from the plateaux of the 
torrid zone are characterised. Beautiful as are Die valleys of 
Ivumaoon and Nepaul, they are not signalised by the presence of a 
single palm-tree. On the southern slope of the Paropamisan 
range, which extends over 350 miles of Persia and Afghanistan, 
and separates the deserts of Yezd and Turkestan, Nature nowhere 
displays that profusion of arborescent grasses, tree-ferns, lieli- 
conias, and orchideae which are witnessed on the higher plateaux 
of the tropical mountains. On the slopes of the Himalayas, under 
the shade of the deodar and the large-leaved oak peculiar to 
these Indian alps, the rocks of granite and mica-schist are clothed 
with forms closely resembling those which characterise Europe 
and northern Asia. The species indeed are not identical, but 
they are similar in their aspect and physiognomy, including 
junipers, Alpine birches, gentians, parnassias, and prickly species 
of libes. The chain of the Himalayas is also wanting in those 
imposing volcanic phenomena, which in the Andes and the 
Indian Archipelago often recall to the inhabitants, in characters 
of terror, the existence of forties developed within the globe. 
Moreover, on the southern declivity of the Himalayas, where the 
vapour-loaded atmosphere of Hindustan deposits its moisture, the 
region of perpetual snow descends to a zone the elevation of 
which docs not exceed 13000 feet. Thus the region of organic 
life ceases at a limit 3000 feet lower, than that to which it extends 
in the equinoctial portion of the Cordilleras. 

178. Vegetation of the Andes. — The mountainous regions of 
the Tropics present a further advantage in being that part of the 
globe, as already mentioned, where the greatest possible variety 
of impressions are produced by the contemplation of nature. In 
the Andes of Cundiuamarca, Quito, and Bern, furrowed by deep 
barrancas, it is given to man to behold at once all the plants of 
the earth, and all the stars of the firmament. There, at a single 
glance, the beholder sees lofty feathered palms, humid forests of 
bamboos, and all the beautiful family of musacem, and, above 
these tropic forms, oaks, mcddlars, wild roses, and umbelliferous 
plants, as in our European homes. There, too, both the celestial 
hemispheres are open to his view, and when night arrives, lie 
sees displayed together the constellation of the Southern Cross, the 
Magellanic clouds, and the guiding stars of the Bear, which 
circle round the Arctic Pole. There the different climates of the 
earth, and the vegetable forms of which they determine the 
succession, are placed one over the other, stage above stage, and 
the laws of the decrement of heat 1 are indelibly written, on the 
rocky walls and rapid slopes of the Cordilleras, in characters easily 
legible to the intelligent observer. 

»2 
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Not only is the torrid zone by the abundance and luxuriance 
of its organic forms most rich in powerful impressions, hut it pre- 
sents another and greater advantage, in the uniform regularity 
which characterises the succession of its meteorological and organic 
changes. The well marked lines of elevation which separate the 
different forms of vegetable life, demonstrate in a striking manner 
the same play of general and invariable laws, which govern the 
celestial motions reflected in terrestrial phenomena. Thus, in the 
burning plains which stretch nearly on the level of the sea in these 
regions, we behold in profusion the families of bananas, of cyca- 
daceoe, and of palms, of which the number of species included in the 
Floras* of the tropical regions, has been so wonderfully augmented 
by modern botanic travellers. To these succeed, on the slopes of 
the Cordilleras, in the mountain valleys, and in humid and shaded 
clefts of the rocks, tree-ferns raising their thick cylindrical stems, 
and expanding their delicate foliage, whose lace -like indentations 
are seen projected against the deep azure of the linn ament. 
There, too, flourishes the cinchona, whose fever-liealing hark is 
deemed the more salutary, the oftener the trees are bathed and 
refreshed by the light mists, which form the upper surface of the 
lowest stratum of clouds. 

Immediately above the region of the forests the ground is 
covered with white hands of flowering social plants, small aralias, 
thibaudias, and myrtle-leaved andromedas. The alp-rose of the 
Andes, the magnificent befaria, forms a purple girdle round the 
spiry peaks. On reaching the cold and stormy regions of the 
Paramos, shrubs and herbaceous plants, bearing large and richly- 
coloured blossoms, gradually disappear, and are succeeded by a 
uniform mantle of monocotyledonous plants. This is the grassy 
zone, where vast savannahs clothe the high tablelands and the 
wide slopes of the Cordilleras, whence they reflect a yellow hue, — 
savannahs, on which graze llamas and cattle descended from those 
formerly brought from the Old World. Trachytic rocks next 
appear forcing the turf and rising high into those strata of the 
atmosphere containing a less proportion of carbonic acid, and 
supporting only plants of inferior organisation, such as the lichens, 
the lecideas, and the many-coloured dust of the lepreria, which 
forms small round patches on the surface of the stone. 

Scattered patches of fresh fallen snow arrest the last feeble 
traces of vegetation, and are succeeded by the region of perpetual 
snow, of which the lower limit is distinctly marked, and undergoes 
but little change. 

* The collection of vegetable productions natural to a country is called 
its flora, and that of the animals indigenous to it its fauna. 
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The elastic subterranean forces strive, for the most part in 
vain, to break through the snow-clad domes which crown the 
ridges of the Cordilleras, but even where these forces have 
actually opened a permanent channel of communication with 
the outer air, either through crevices or circular craters, they 
rarely send forth currents of lava, erupting more frequently 
ignited scoria}, jets of carbonic acid gas, sulphuretted hydrogen, 
and steam.* 

179. Animals of the tropics. — A corresponding variety is found 
in the animal kingdom in these regions at the level of the sea ; 
upon the plains which extend over the tropical regions are found 
the varieties of monkeys, crocodiles, the boa-constrictor, rattle- 
snake, jaguars, and macaws. Higher up, at a level rising from 
5000 to 10000 feet, at the base of the Andes, are found the ocelot, 
the strutheo rea, and the duck. Iligher still, the ape, the puma, 
and the llama, and, in fine, about the snow-lifte, hawks, vultures, 
bears, and the condor, which rises upon its vast wings above the 
lofty summits of Chimborazo and Aconcagua. 

180. The Himalayas are characterised, also, by animals dwell- 
ing in a succession of stages one above the other. Thus, upon 
the plains are found the tiger, the peacock, and the Bactrian 
camel. Iligher up the bat, the Cashmere goat, and the pheasant, 
and just below the snow-line, the sheep, the yak, the pigeon, the 
robin, Ac. 

181. The local character of a climate depends on the mean 
temperature of the atmosphere and of the surface of the earth. 
And this temperature itself must depend chiefly on the heat 
imparted to the atmosphere and the earth by the sun. The solar 
rays, in passing through the atmosphere to the earth, impart 
to that very attenuated and transparent fluid an inconsiderable 
quantity of heat, their chief thermal power being exerted on the 
surface of the earth, which forms the base of the atmospheric 
ocean. The earth, like all bodies, absorbs a certain proportion of 
the heat thus transmitted to it, and what it fails to absorb it 
reflects exactly as a surface would reflect light. The beat which 
it reflects, not entering it, does not affect its temperature, and it is 
warmed exclusively by the portion it absorbs. This portion is so 
considerable, that if it were uniformly diffused over the entire 
surface of the earth, it would be sufficient to dissolve annually a 
shell of ice 100 feet thick covering the entire globe. 

1 82. Heat received from celestial spaces. — But besides the 
heat received from the sun, the earth also receives a considerable 
portion of heat from the surrounding firmament, in other words, 

* Humboldt’s Cosmos. Introduction. 
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from the countless myriads of suns composing the stellar universe 
which are seen nightly sparkling in the heavens ; and this latter 
source of heat differs from that of the sun, inasmuch as all parts 
of the eartli are constantly exposed to it night and day, whereas 
they are only exposed to the direct inlluence of the sun during 
average intervals of twelve hours. 

It has resulted from the experiments and observations of 
M. Fouillct, that the quantity of heat thus received by the earth 
from the celestial spaces is such, that if it were uniformly diffused 
over the surface it would be sufficient to melt a shell of ice, 
enveloping the earth, 8d feet thick.* 

183. Why temperature of the earth is not indefinitely 
increased — It may be asked, therefore, how it happens that if 
the earth receive and absorb an annual quantity of heat so 
enormous, its temperature is not raised to such a point as to be 
incompatible with the continued existence of the organised world 
upon it. It might be expected that the heat absorbed in the 
torrid zone, being transmitted by the process of conduction 
through the solid matter composing the earth to the colder regions 
of the poles, would first, dissolve all the ice there collected, and 
then gradually raise the temperature of the polar regions, to 
which the animal world would first take refuge flying from the 
scorching region of the tropics, and which would become at the 
same time the theatre of the present flora of the temperate and 
tropical zones, and later would be raised to a temperature 
destructive of all organisation. 

Such a catastrophe is prevented, and the thermal condition of the 
globe maintained within the necessary limits, by a remarkable pro- 
perty with which matter has been endowed by its Maker, in virtue 
of which all bodies possess the quality of thermal radiation, in the 
exact proportion in which they are endowed with that of thermal 
absorption. The heat, therefore, which every part of the surface 
of the earth absorbs from the solar rays, it throws back by the 
process of superficial radiation, and if the atmosphere were every- 
where cloudless, the heat thus radiated back would pass into the 
celestial spaces, and the atmosphere would then, in spite of the 
solar rays passing through it, remain at a very low temperature. 

184. Effect of clouds. — The existence of clouds, however, 
modifies this. The heat radiated from the surface of the earth is 
in a great degree intercepted, and prevented from escaping into the 
celestial regions, by the clouds, which reflect and radiate it back 
again to the earth through the lower strata of the atmosphere ; 
and thus these thermal rays, being reverberated between the 

* See Tract on Terrestrial Heat, Museum, vol. 3, p. 65. 
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clouds and the surface, warm the lower strata of the atmosphere 
through which they are so frequently transmitted. 

185. Effect of contact of air and earth. — But the atmosphere 
also receives heat from the earth, by the contact of its lowest strata 
with those parts of the terrestrial surface, which have a higher 
temperature. When these lowest strata are thus warmed by 
contact, they ascend as heated air does in a chimney, air having a 
lower temperature Rowing in to take their place. 

It is by these several means therefore, much more than by the 
direct inRuence of the sun, that the temperature of the atmosphere 
is maintained and regulated. 

186. Thermal effects of an uniform surface. — If the whole 
surface of the earth consisted of one homogeneous material, 
whether solid or fluid, and were in one uniform condition, its 
powers of reflection and absorption, and consequently its power 
of radiation, would be everywhere the same. In that case 
the thermal inRuence of the sun, governed by no other con- 
ditions than those of its altitude and continuance above the 
horizon, would necessarily be the same at all points of the same 
parallel of latitude, since, at all such points, the sun’s altitude 
and the length of the day are necessarily the same. The equator 
and each parallel of latitude would then be isothermal lines, a 
word which expresses a line upon the surface of the earth, all 
points of which have the same mean temperature. Not only 
would the mean temperatures of all points on the same parallel be 
the same, but the extreme temperatures of summer and winter 
would likewise be the same. In flher words, all places having 
the same latitude would, under die conditions supposed, have 
identically the same climate. They would have the same average 
annual temperature, and would be subject to the same vicissitudes 
of seasons. 

In comparing parallel with parallel, the average annual tem- 
perature, as well as the extremes of the seasons, would regularly 
increase with the latitude. 

187. Why this regularity does not prevail.— But the con- 
ditions which would produce such climatic phenomena do not exist 
on the terrestrial surface. Instead of consisting of one uniform 
material, that surface is diversified, — Rrst, by land and water; 
and secondly, the land itself is still more diversified in its 
character, according as it is more or less clothed with vegetation, 
and even where it is destitute of vegetation, it varies according 
to the quality of the rocks or other strata which compose its 
uncovered surface. The reflecting, absorbing, and therefore 
radiating powers of the land, are infinitely diversified. In general 
the foliage of vegetation is a powerful radiator, while the naked 
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soil, or rocks, are comparatively feeble radiators and stronger 
reflectors. The water of the ocean, which covers three-quarters 
ot the terrestrial surface, is much more uniform in its thermal 
properties than the land. But even those properties of the ocean 
are modified by the congelation which takes place on so vast a 
scale in me frigid zone. 

All these circumstances combined, and many others which can 
only be fully understood by a more profound study of physical 
geography, render the actual climatio phenomena extremely dif- 
ferent from those which would depend on the latitude alone, and 
which would be developed on a globe the superficial materials of 
which would be uniform. 

The departure of the lines of equal, mean, and extreme tem- 
peratures from the parallels of latitude, has been already ex- 
plain!, d in our Tract upon Terrestrial Heat, and it wili not, 
therefore, be necessary to insist further upon them here. 
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188. Maps, and Globes in Relief. — Elementary instruction in 
geography has been hitherto for the most part limited to the 
description of the outlines of land and water. The varieties 
of form depending on relief have been comparatively neglected. 
This has arisen most probably from the difficulty of presenting to 
the student visible representations of such forms. Maps and 
globes, showing in moulded relief the inequalities of the land, 
have indeed been constructed, and with suitable explanations may 
be found useful to the teacher and the pupil. Independently, 
however, of their cost, which is necessarily considerable, they are 
subject to grave objection, owing to the enormous violation of 
proportion between the vertical and the horizontal dimensions, 
which they must necessarily exhibit. It has been explained else- 
where, that the elevation of the most lofty mountain-summits does 
not exceed the 1600th part of the Earth’s diameter, and conse- 
quently such a summit, if formed in relief in its just proportion 
on a 10-inch globe, would be represented by a protuberance not 
exceeding the hundredth part of an inch. All maps and globes, 
therefore, presenting the inequalities of the land in moulded 
relief, must, in order to render them perceptible at all, give the 
vertical magnitude exorbitantly disproportionate to the horizontal 
dimensions. When such illustrations are used for the purpose of 
elementary instruction, the teacher should be careful to impress 
upon the mind of the pupil this inevitable departure from the 
natural proportions. 

189. Johnston's Physical Maps — The expedient adopted in 
the physical maps of Mr. A. K. Johnston renders them exempt from 
this objection, although the same vivid illustration of the super- 
iicial inequalities is not presented by them. In these the plains, 
valleys, and lowlands are coloured green, the elevated plateaux 
and table-lands brown ; and the mountain-ridges and peaks are 
distinguished by obvious marks indicative of their relative alti- 
tudes, the actual heights being marked in numbers of English 
feet. The sea is also everywhere distinguished from the land by 
its blue colour. As a physical illustration, these maps are there- 
fore, as I conceive, as perfect as the nature of the subject of 
.instruction allows. 

190. Mountain-ranges not uniform. — Although each of the 
great continents systems, which have been already described, is 
characterised by a certain prevailing direction, it must not be sup- 
posed that it follows one uniform and unbroken course, or even 
lhat it consists of a single uninterrupted series. They are, on 
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the contrary, liable to frequent changes of direction, are in many 
places discontinuous, and are subject to still greater irregularity 
in both height and width. 

191. Spurs — Each main ridge also throws out lateral ramifica- 
tions at various angles with its general direction, called spurs . 
Those are often themselves considerable chains of mountains, 
throwing off secondary spurs parallel to the primary chain, or nearly 
so. These subordinate ranges, intersecting each other at various 
angles, and broken by valleys and ravines, form a reticulation, 
which usually covers a vast extent of country stretching out at 
either side from the base of the principal chain. They decrease 
gradually in their dimensions, both horizontal and vertical, with 
their distance from the parent chain. Every one who has visited 
the country on either side of the ranges of the Alps, the Pyrenees, 
or Mount Atlas, will be familiar with these features. 

192. Relief of the Earth's surface. — Considering the Earth as 
a globe formed of solid matter, subject to superficial inequalities, 
and partially covered with water, the land must be regarded 
merely as tlie more elevated parts rising out of the waters, which, 
according to the common law of gravitation, are lodged upon the 
lowest levels. The level parts of the land must be considered as 
plateaux, table-lands, or terraces formed upon vast mountains, 
the bases of which are at the bottom of the Ocean. 

The mountains, in like manner, which rise from the surface of the 
land, must be considered as only the highest peaks of those whose 
bases are established upon the bottom of the deep, and the plains 
around them, upon which they rest, as merely terraces or 
plateaux forming steps, as it were, in ascending their acclivities. 

In accordance with these views, it is found that systems of 
mountains, whether they form continued chains, detached groups, 
or isolated peaks, seldom have their bases upon a low level. On 
the contrary, the plains upon which they stand are almost 
always plateaux or tablelands at a considerable altitude above 
the level of the sea. The heights of mountain-summits being 
always expressed with relation to the level of the sea, it must 
therefore he remembered, that in estimating heights above the 
general level of the plains on which the mountains stand, it is 
necessary to deduct the heights of such plains from the tabulated 
heights of the mountains. 

That this correction is of importance, will be comprehended 
when it is remembered, that the heights of the tablelands upon 
which the great chains of mountains stand, above the level of the 
sea, varies from 2000 to 12000 feet. Thus, for example, the 
tabulated altitude of Kunchinjunga, the highest peak of the 
Himalayas, and indeed the most lofty point hitherto discovered 
186 
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on the globe, is 28178 feet ; bat the tableland of Thibet, on which 
it stands, has an altitude of about 11000 feet, so that the height of 
the peak above the level of the surrounding plain is only 
17000 feet. 

In like manner, the height of Mont Blanc is 15739 feet, hut 
the height of the Lake of Geneva being 1450 feet, and the base 
of Mont Blanc being several hundred feet more, it follows that 
the summit of Mont Blanc cannot be much more than 13000 feet 
above the level of its base. 

From the two examples here given, it will be apparent how 
little relation the tabulated heights of mountains sometimes have, 
to the appearance which they would present to an observer. The 
highest peak of the Himalayas, measured from the level of the 
sea, is nearly double that of Mont Blanc, and is sometimes there- 
fore described as being a mountain, such as would be produced 
by piling two like Mont Blanc one upon the other. Such an 
illustration, nevertheless, is most inappropriate, as appears from 
what has been just stated, since an observer of Kunchinjunga 
must necessarily view it from a station about 11000 feet above 
the level of the sea, while an observer of Mont Blanc can view it 
from a station less than 2000 feet above that level. Mont Blanc 
would, therefore, under these circumstances, have nearly as great 
an apparent height as Kunchinjunga. 

193. Effect of the contemplation of mountain scenery. — 
The more the imagination and understanding are impressed with 
the lofty and massive mountain ranges — as evidences of great ter- 
restrial revolutions which the globe has undergone at distant epochs 
of its history — as the limits of varying climates — as the lines of 
separation forming the watersheds of opposite regions — and in 
fine, as the theatres of peculiar vegetation — the more necessary is 
it to obtain a correct numerical estimate of their actual volume, 
so as to demonstrate the comparative minuteness of their mass 
beside that of the extensive platforms on which they stand. 

194. The Pyrenees — Take, for example, the chain of the 
Pyrenees, the^area of whose base and whose mean elevation have 
been determined with great precision. Let us suppose that this 
entire mountain mass were spread equally over the whole surface 
of France, and let it be required to determine what would be the 
thickness of the stratum which it would then form. Nothing can 
be more simple than such an arithmetical problem, and the result 
of its solution is, that the whole surfaoe of France would he raised 
only 115 feet. 

195. The Alps. — In like manner, if the chain of the Alps were 
levelled, and the material composing it uniformly spread over the 
whole surface of Europe, it would form a stratum only 21 J Lit thick. 
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196. Average height of continents. — Baron Humboldt, by an 
elaborate calculation, obtained a pretty exact estimate of the 
average height of the surface of the land, composing the principal 
divisions of the world above the level of the sea. He found 
that the average height of the land in Europe is 670 feet. In 
North America, 748 feet. In Asia, 1132 feet; and in South 
America, 1151 feet. 

These results demonstrate that the land in the southern regions 
is more elevated than in the northern. In Asia the low elevation 
of the extensive plains or steppes of Siberia, is compensated by 
the mountain masses between the parallels of 28 and 40° lat., 
extending from the Himalaya to the Kuenlun of Northern Thibet, 
and to the Tianschian or Celestial Mountains. Some idea may be 
formed from these calculations in what parts of the globe the 
action of subterranean pi u tonic forces, as manifested in the 
upheaval of continental masses, has been most intense. 

197. New mountain ranges possible “ There is no suf- 

ficient reason,” observes Humboldt, “ why we should assume that 
the subterranean forces may not, in ages to come, add new systems 
of mountains to those which already exist, and of which Elie de 
Beaumont has studied the directions and relative epochs. Why 
should we suppose the crust of the earth to be no longer subject to 
the agency, which has formed the ridges now perceived on its 
surface F {Since Mont Blanc, and Monte liosa, Sorata, Illimani, 
and Chimborazo, the colossal summits of the Alps and the Andes 
are considered to be amongst the most recent elevations, we are 
by no means at liberty to assume that the upheaving forces have 
been subject to progressive diminution. On the contrary, all 
geological phenomena indicate alternate periods of activity and 
repose ; the quiet which we now enjoy is only apparent ; the 
tremblings which still shake the surface in every latitude, and in 
every species of rock — the progressive elevation of Sweden, and 
the appearance of new islands of eruption — are far from giving us 
reason to suppose that our planet has reached a period of entire 
and final repose.” 


THE OCEAN. 

198. Greatest depth. — While the aerial ocean invests the entire 
surface of the globe, having a depth of from forty to fifty miles, 
the liquid ocean under it, as already explained, covers only about 
three-fourths of the solid surface, being deposited according to the 
laws of gravitation, in the lowest parts. According to the result 
of soundings, already explained, the character of the solid surface 
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which it covers is quite analogous to that which rises above its 
surface, being similarly varied by hill and valley, mountain and 
plain. The greatest depth of the ocean is still undiscovered. 
The plumb-line, in one part of the Pacific Ocean, was let down to 
the depth of 27600 feet by Sir James lioss without finding bottom. 
It has been generally assumed, as most probable, that the greatest 
depth of the ocean does not differ much from the? greatest elevation 
of the land above its surface, which being in round numbers five 



miles, would show that the extreme difference of level of the soHd 
surface of the globe does not exceed ten miles, or about the 800th 
part of its diameter. 

199. Uses of the ocean. — The vast collection of water forming 
the ocean ministers in an infinite variety of ways to the main- 
tenance of the organised world, and in none more so than in its 
property of evaporation. It may be considered in a certain sense 
as a vast apparatus of distillation, by which fresh water is 
supplied in regulated quantity and suitable quality to all parts of 
tne land, and in these pnenomena the mountains play a con- 
spicuous part. 

200. General system of evaporation and condensation. — It 

is demonstrated in physics that when an aqueous solution is 
exposed to the atmosphere, the pure water which forms the chief 
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part of it will be converted into vapour at the surface in contact 
with the air ; and the rate of such evaporation, other things being 
the same, will be proportionate to the extent of the surface, the 
temperature of the air in contact with it, and the superficial 
temperature of the solution. 

The water of the ocean is a solution of certain salts and alkaline 
substances. The evaporation which takes place from its surface 
affects only the pure water, leaving the saline and other similar 
constituents still dissolved in it. The pure aqueous vapour thus 
taken into the atmosphere, rising to the more elevated strata, is 
transported by atmospheric currents, and attracted by the mountain 
summits and other elevated parts of the land, upon which it is 
precipitated in the form of rain or snow, from which streams flow 
down the declivities, discharging the functions of irrigation, and 
thus contributing to the maintenance of animal and vegetable life 
upon the land. 

201. Climatic effects. — Independently of the obvious advan- 
tages which the ocean affords, as supplying the means of intercom- 
munication by commerce between distant parts of the earth, it 
also serves an infinite variety of purposes in the climatic economy 
of the globe. It has been already shown that from the uniformity 
of its physical qualities, it has a tendency to equalise and regularise 
climate, so as to bring the isothermal lines into closer proximity 
with the parallels of latitude. 

202. Ocean currents. — Its liquid properties, however, com- 
bined with the effects of temperature, render it further sub- 
servient to the general equalisation of the temperatures of the 
extreme zones, moderating the heat of the torrid and the cold of 
the frigid. This is accom [dished by the great ocean currents, 
the existence, directions, and limits of winch have been ascertained 
by modern navigators. 

These currents are classed as constant, periodical, and variable, 
the two latter classes being determined chiefly by the inlluence of 
the winds and tides. 

203. Antarctic drift current. — The constant currents which 
are by far the most important, have their origin chiefly in the 
southern frigid zone, from which a vast stream called the antarctic 
drift current , pours* its cold waters first northwards into the 
Pacific and then eastwards towards the eastern coast of South 
America. Striking upon the shores of Chili, opposite the island 
of Juan Fernandez, it is diverted to the north, following the coast 
of the South American continent, until it encounters the jutting 
shores of Peru, by which it is turned westward, where it takes 
the name of the equatorial current. 

204. Its equatorial course.— From that point, following the 
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direction of the line westward, and passing among the islands of 
the Indian Archipelago, it traverses the Indian ocean, and sweep- 
ing round the Cape of Good Hope, turns northwards along the west 
coast of Africa, until it encounters the shores of the Gulf of Guinea, 
which again divert it westward, where it resumes the name of the 
equatorial current. Traversing the Atlantic, it arrives at the 
northern coast of South America, and enters the Caribbean Sea 
through the chain of the West India islands, from which it arrives 
in the Gulf of Mexico. 

205. Gulf stream.— In this long course, after cooling the 
waters of the tropical ocean, its own temperature is at length 
raised to a high point, anu in that thermal state it arrives in the 
Gulf of Mexico. The direction of the current is there changed 
by the southern coast of North America, and it issues through 
the channel between Cuba and Florida, flowing northward along 
the coast of the United States, and about the 35th degree of lati- 
tude turning north-east, it again traverses the Atlantic, dividing 
its course into two branches, one directed between the British Isles 
and Iceland to Spitsbergen in the Arctic ocean, and the other by 
the Azores and Madeira back to the coast of Morocco. 

At the point where it issues from the Gulf of Mexico, the 
current takes the well-known denomination of the Gulf stream. 
Its temperature, as just stated, is so elevated that its existence 
can readily be determined by navigators by means of the ther- 
mometer. It becomes thus a means of transporting to the regions 
of the northern frigid zone a portion of the tropical heat, so as to 
produce the equalising effect already mentioned. 

206. Course and limits of ocean currents evident. — u The 
currents of the ocean,” observes Humboldt, “ present a remarkable 
spectacle, maintaining a nearly constant breadth. They cross the 
sea in different directions, like rivers cf which the adjacent 
undisturbed masses of water form the banks. The line of 
demarcation between the parts in motion, and those in repose, is 
most strikingly shown in places where long lands of sea- weeds, 
borne onward by the current, enable us to estimate its velocity. 
Analogous phenomena are sometimes presented to our notice ia 
the lower strata of the atmosphere, when, after a violent storm, 
the path of a limited aerial current may he traced through the 
forest by long lanes of overthrown trees, whilst those on either 
side remain unscathed.” 

207. Ocean rioh in animal life.— Although the surface of the 
ooean is less rich in animal and vegetable forms than that of 
continents, yet when its depths are searched, perhaps no other 
portion of our planet presents such fullness of organic life. 
Charles Darwin, in the agreeable journal of his extensive voyages, 
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justly remarks, that our land forests do not harbour so many 
animals as the low wooded regions of the ocean, where the sea- 
weed rooted to shoals, or long branches of fuci detached by the 
force of the waves or currents, and swimming five, upborne by 
air-cells, unfold their delicate foliage. The application of the 
microscope still further increases our impression of the profusion 
of organic life which pervades the recesses of the ocean, since 
throughout its mass we find animal existence, and at depths 
exceeding the height of our loftiest mountain chains, the strata 
of water are alive with polygastric worms, eyelid he, and ophry- 
dince. Here swarm countless hosts of minute luminiferous animals, 
mammalia, Crustacea, peridinea, and ciliated nereides, which, 
when attracted to the surface by particular conditions of the 
weather, convert every wave into a crest of light. The abundance 
of these minute creatures, and of the animal matter supplied by 
their rapid decomposition, is such, that the sea water itself becomes 
a nutritious fluid to many of the larger inhabitants of the ocean. 

208. Moral impressions. — If all this richness and variety of 
animal life, containing some highly organised and beautiful forms, 
is well litted to afford, not only an interesting study, but also a 
pleasing excitement to the fancy ; the imagination is yet mure 
deeply moved, by the impressions of the boundless and immeasur- 
able which every sea voyage affords. He who awakened to the 
inward exercise of thought, delights to build up an inner world 
in his own spirit, fills the wide horizon of the open sea with the 
sublime image of the Infinite ; his eye dwells especially on the 
distant sea line, where air and water join, and where stars rise 
and set in ever renewed alternations: in such contemplations 
there mingles as with all human joy, “a breath of sadness and 
of longing.” * 

* Huinbolt's Cosmos, pp. 299, 303. 
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1. Optical error in the fable of the Dog and the Shadow. — 2. Explanation 
of the phenomena. — 3. Table showing the reflection at different 
obliquities. — 4. Effect of looking down in still water over the 
bulwark of a ship or boat. — 5. Effect of the varying distance of 
the observers.- — 6. Experiments with a basin of water. — 7. Expla- 
nation of their effects. — 8. Scientific errors in Moore’s Irish melody, 
4 ‘01i, had we some bright little isle.” — 9. Demonstration of the 
physical impossibility of what the poet supposes. — 10. Allusion in 
Moore’s Irish melody, “ Thus when the lamp that lighted,” explained. 
— 11. Allusion in Moore’s melody, “While gazing on the moon’s 
light.” — 12. Shakspeare’s allusion to the cricket. — 13. Moore’s 
allusion to the glowworm. — 14. Shakspeare on the economy of the 
bee. — 15. Error of the phrase “blind as a beetle.” — 16. Lines from 
Campbell’s “Pleasures of Hope.” — 17. Error of the allusions to the 
foresight of the ant — Lines from Prior. — 18. V erses from the Proverbs. 
— 19. Celebrated description of the war-horse in Job. — 20. Unmeaning 
language of the translation. — 21. Examination of the true meaning 
of the original Hebrew by Dr. McCaul and Professor Marks. — 22. 
Interpretation by[Gesenius. — 23. By Ewald. — 24. By Sohultens. — 
25. Correct meaning explained. 

1. In a former Tract we observed, that although the illustrations 
and images drawn by poets from physical phenomena are generally 
just and true, yet this is not always the case. They are some- 
times altogether at variance with the principles of ph 3 T sics, and 
involve suppositions totally incompatible with the laws of Nature. 
The fable of the Dog and the Shadow, which has been handed 
down through so many ages, diffused through so many languages, 
and taught so universally in the nursery and in the school, was 
given as an example of this.* 

It was there stated, that this popular fable involved an optical 
blunder, inasmuch as no reflection which could be supposed to 


* Ste vol. vii., p. 91. 
Lardner’s Museum of Science. 

Kg. 113. 
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proceed from the water, could possibly be such as to make a real 
dog behave itself as the dog of the fable did on that occasion. 
Whether we were fully justified in this condemnation of the 
ancient fable has been called in question, and some of our readers 
think that an image may be reflected from the surface of water, 
under supposable circumstances, with sufficient vividness to justify 
JEsop, or whoever else was the original author of the fable. 

Instead of stopping here to dispute this point, we shall consult 
the benefit of our readers better by explaining the principles on 
which it depends, and indicating some simple experiments which 
we have ourselves tried, and which any of our readers may easily 
repeat. 

2. When light falls upon a plane reflecting surface, the pro- 
portion of the rays which arc reflected is found by observation to 
be less and less, the more perpendicularly the rays are incident. 
The actual proportion reflected at different degrees of obliquity, 
was determined by Bouguer, for different substances. The 
results obtained by him in the cases of water and glass are given 
in the following table, where the angle of incidence means the 
angle which the incident ray makes with the perpendicular to the 
reflecting surface'. In the fourth column of the table is given for 
each degree of obliquity the number of rays out of every thousand 
which are reflected, and in the fifth column, the number which 
arc absorbed. 


3. Tabu:, xhownof the proportion of ldyht incident on reflecting rnrfuccr, 
■which arc rctpdarly refected at dijjertnf an/flrx of incidence 


j Specimen of reflect in;' 
: Surface. 


Water . . . . 

Glass . . , . 


An- 

rle of 

No. of [{ays 

No. of I{;iys 

! regularly 

i reflected. 

! No. of Hays 

1 irregularly 

J neidenec. 

incident. 

reflected and 
j absorbed. 

■ 8 9 “ 

30' 

1 000 ' 

: 721 ! 

279 

75 

0' 

1 I OOO 

21 1 

789 

60 


lOOO 1 

6? 

935 

30 

to o c 

IOOO j 

18 

982 

'85 


1 IOOO ! 

j 543 

457 

75 


1 OOO 

1 300 

700 

60 


1 IOOO ' 

112 

888 

.30 

to o° 

j IOOO 

2 5 

975 


Now it appears from these results, that when a ray falls so 
obliquely upon the surface of water, as to make with the per- 
pendicular to the surface an angle of 7«3°, and, therefore, with the 
surface itself an angle of 15°, nearly a fourth of all the incident 
rays are reflected. Hence it is that the image of the hanks of a 
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lake or river, viewed by an observer (fig., page 193,) stationed 
at a considerable distance on the opposite side, are very vivid, the 
rays which produce vision in that case being those which fall with 
great obliquity on the water. 

Since it appears, however, that when the angle of incidence is 
60°, and, therefore, the obliquity 30°, less than a fifteenth of the 
entire number of incident rays are reflected by the water, the 
image must become fifteen times less vivid. If, therefore, the 
observer approach the opposite bank, as lie may do in a boat, its 
image reflected in the water will be less and less vivid ; or the 
same effect may be produced in some cases by taking a more 
elevated position, without changing his distance. Indeed this 
will give a more accurate result than the former, inasmuch as the 
change of distance of the eye of the observer from the point of 
reflection ought strictly to be taken into the account. 

If the observer assume such a position, either by increasing his 
elevation or by diminishing his distance, that the angle of inci- 
dence shall be reduced to 30 , and, therefore, the obliquity to GO 0 , 
no more than eighteen rays in a thousand will reach the eye ; and 
if the obliquity be still further diminished, the number of reflected 
rays will be much more inconsiderable. 

Thus, by gradually diminishing the obliquity of the incident 
rays by the change of position of the observer, the reflected 
image, at first vivid, will be gradually more and more fafnt, until 
at length it will cease to be perceptible. 

4. If a person look down into still water, over the bulwark of 
a vessel, he will not perceive any reflected image of his person ; 
but if he lean over the gunwale of a boat, at a much less dis- 
tance from the surface, he will perceive a faint retlection of his 
person under certain circumstances. The cause of this is easily 
explained. 

The image formed by reflection is as far behind the reflecting 
surface as the object is before it, and the intensity of the light 
proceeding from such an image decreases in the same proportion 
as the square of its distance from the observer increases. When, 
therefore, the observer looks over the bulwark of a vessel, the 
distance of his face from the surface of the water being, for 
example, 12 feet, the distance of the image formed by reflection is 
24 feet. The obliquity of the pencils which, proceeding from his 
face, are reflected by the water is very small, the rays being nearly 
perpendicular. Not more, therefore, than about two in every 
hundred of such rays are reflected to his eye, and these diverge 
from an imago at 24 feet distance. The intensity of such reflected 
light is, therefore, insufficient to produce a sensible effect on the 
retina. 
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When the observer, looking over the gunwale of a boat, is 
within two feet, for example, of the water, the image produced by 
the reflected rays is only four feet distant. The intensity of the 
light is therefore greater, other things being the same, than in 
the former case, in the proportion of the square of 4 to the square 
of 24, or what is the same, in the proportion of 36 to 1. 

5. But besides this, there is another circumstance to be taken 
into account. The rays of the pencils which, diverging from the 
person of the observer, are reflected by the water and received by 
the eye, have a greater obliquity than in the former case, in the 
same proportion nearly as that in which the distance of the observer 
from the surface of the water is diminished, and consequently 
according to the results given in the above table, a much greater 
proportion of these rays will be reflected. On both these accounts 
the image, which was imperceptible from the bulwark of the 
vessel, is often perceptible from the gunwale of the boat. 

In all such observations, however, there are numerous modify- 
ing conditions which will vary the result in different cases. Thus, 
if the water be clear and transparent, and the bottom strongly 
illuminated, the light reflected from it will often predominate so 
much over the rays which produce the image to the observer, that 
this image will cease to be perceptible. 

6. We have tried some simple experiments on this subject, the 
results of which are instructive, and which may be easily repeated 
by any of our readers. 

Fill a basin with water, and place it near an open window, look 
down from a height of flve feet vertically above the surface of the 
water. You will not perceive any trace of your own image in the 
water. Descend gradually towards the surface, and when your 
face is at about four feet above it, the faintest conceivable image 
of it will begin to be perceived. On approaching still closer, the 
image will be a little, but a very little, more perceptible, but even 
at the least distances the reflection will be so faint that it can only 
be perceived by concentrating the attention upon it. 

Let the basin be now surrounded with a sheet or any other 
expedient, by which the light falling from the window upon the 
water shall be excluded, but so that your face being above the 
edge of the sheet shall be still illuminated. Y"ou will then per- 
ceive your reflected image w ith tolerable distinctness in the water, 
even at a distance of four or five feet above its surface, and this 
distinctness will be increased as the distance of your face above 
the surface of the water is diminished. 

7. The explanation of these effects is obvious. When the water 
in the basin is exposed to the light of the window, the quantity 
of the light reflected from the bottom of the basin to the eve of 
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the observer predominates so much over the reflected rays which 
form the image of his face, that this image ceases to be sensible ; 
but when by surrounding the basin with a sheet or cloth, all light 
proceeding from the window is excluded, no light arrives at the 
eye of the observer except the rays which form the image of his 
face, which image is therefore distinctly perceivable. 

The basin of water may also be instructively applied to illus- 
trate experimentally the results consigned to the above table by 
Jlouguer. If it be placed on the floor or table between the observer 
and the window, the observer standing at a considerable distance 
from the basin, the rays proceeding from the window will be 
strongly reflected from the surface, and a vivid image of the 
window will be perceived in the usual inverted position in the 
water. As the observer approaches it, the basin at the same time 
being moved nearer to the window, the obliquity of the incident 
rays to the surface of the water is gradually diminished, and the 
vividness of the image will be found to decrease in a much more 
rapid proportion, until at length the obliquity is so far diminished 
that the image becomes altogether insensible. 

Whether a reflection under any supposable conditions sufficiently 
vivid to justify the ancient fable of the Dog and the Shadow is 
probable, may be questioned, and we do not quarrel with some of 
our readers who affirm this. We admit that the expressions used 
by us in paragraph 18, p. 91, vol. 7, may have been too strong if 
they are understood to imply that in no supposable case could any 
image whatever be perceivable. We think nevertheless that a 
dog, looking into a pond with meat in his mouth, the surface 
of the pond being necessarily exposed to the broad light of day, 
would not be likely to mistake the exceedingly faint reflection of 
the meat for another and preferable piece of that aliment. 

8. In one of his Irish Melodies, so familiar to all lovers of poetry 
and music, Moore has the following lines — 

“ Oh ! had we some bright little isle of our own, 

In a blue summer ocean far off and alone, 

Where a leaf never dies in the still blooming bowers, 

And the bee banquets ou through a whole year of dowers ; 

Where the sun loves to pause 
With so fond a delay, 

That the night only draws 
A thin veil o’er the day ; 

Where simply to feel that we breathe, that we live. 

Is worth the best joys that life elsewhere can give.” 

Now this is good poetry, but bad science. An “ isle ” in which 
“ a leaf never dies,” and in which the flowers bloom through the 
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year, must necessarily be within tlie tropics : a latitude to which 
the succeeding lines about the “ fond delay ” of the sun, and the 
night which only “ draws a thin veil o’er the day,” which pro- 
duces, in other words, only a few hours of twilight, are utterly 
inapplicable. 

9. In tropical latitudes the variation of the length of the day is 
very inconsiderable. It is a little more or a little less than tw elve 
hours, and that is all. The night is, consequently, subject to a 
variation similarly limited. Instead therefore of the very long 
days and the very short nights which the poet ascribes to his 
“isle” in the blue summer ocean, there would necessarily be 
nights, the duration of which could never be much less than 
twelve hours in am’ part of the year. 

But this is not all. Instead of enjoying a constant nocturnal 
twilight, so beautifully described by the poet as a veil drawn over 
the day, the inhabitants of the tropics enjoy scarcely any twilight 
at all, being plunged in nocturnal darkness almost immediately 
after sunset. This arises from astronomical causes, which will be 
very easily understood. 

Twilight is produced by the reflection of the sun’s light from 
that part of the visible atmosphere upon which the sun continues 
to shine after sunset until its depression below the horizon 
amounts to about 18°. Now it is apparent, that the more nearly 
perpendicular to the horizon the diurnal motion of the sun is, the 
sooner will its orb attain this depression of 18 J . In the higher 
latitudes, where the celestial pole is not very far removed from 
the zenith, the sun is carried round in a diurnal circle, making 
a very oblique angle with the horizon; consequently, after it 
sets, its depression below the horizon increases very slowly, and 
a long interval elapses before the depression amounts to 18 J . In 
some latitudes at the season of Midsummer it is not so much 
as 18° even at midnight ; and in such places the poet might very 
truly say, — 

“ Tbe night only chaws 
A thin veil o’er the day.” 

But the latitudes in which this can take place are very differ- 
ent indeed from those in which 

“ a leaf never dies in the still blooming bowers, 

And the bee banquets on through a whole year of dowers.” 

The distance of the celestial pole from the northern point of 
the horizon being always equal to the latitude of the place, as may 
he seen by reference to our Tract on Latitudes and Longitudes, 
the depression of the sun below the horizon at midnight will be 
found by subtracting the latitude of the place from the sun’s 
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polar distance. Now the sun’s polar distance at Midsummer is 
<06^°, and in order that its depression at midnight should not 
exceed 18% the latitude of the place must at least be equal to 
<>0£°, diminished by 18°, that is, 48^°. 

It follows, therefore, that an entire night of twilight can only 
take place at latitude's higher than 48 liut to produce the 
effect expressed by the poet, a twilight should be maintained 
much stronger than that characterised by the scientific sense of 
the term. A twilight which would be 011I3’ a “ thin veil drawn 
over the day,” would be such as can be only witnessed in lati- 
tudes like those of Norway and Sweden, the northern parts of 
Scotland, the Orkneys, Ac. 

In tropical latitudes, on the contrary, the celestial pole has an 
altitude less than and the diurnal path of the sun makes 

with the plane of the horizon an angle greater than 66i°. After 
sunset, the sun therefore descends very rapidly, and the more 
rapidly the nearer the place is to the line. At the line itself the 
•sun attains the depression of 18" in about seventy-two minutes 
after sunset ; and although the twilight in the scientific sense of 
the term would not terminate till then, it comes to a close much 
sooner in the poetic sense of the “ veil drawn o’er the day.” In 
short, an almost sudden darkness succeeds sunset, and, in like 
manner, sunrise succeeds as suddenly to the darkness of night. 

In a word, the poet, in the beautiful lines cited above, has com- 
bined incompatible astronomical and climatological conditions. The 
perpetual summer necessarily infers tropical latitude, while the short 
and twilighted night infers a high, not to say a polar latitude. 

It would, perhaps, be deemed hypercritical to examine how far 
the naturalist would justify the poet in his allusion to the industry 
•of the bee in a tropical climate. The honey-bee, which no doubt 
was the insect alluded to by the poet, is, for the most part, con- 
fined to ultra-tropical latitudes. Since, however, there are certain 
species of this insect found in the lower latitudes, it may be 
admitted that the poet has, at least in this point, a locus stamli. 

Having had the pleasure of the personal acquaintance of the 
author of the Melodies, I once pointed out to him these scientific 
incompatibilities in his lines, lie replied good-liumouredly, that 
it was lucky when he wrote the song that such inconsistencies did 
not occur to him ; for, if they had, some pretty thoughts would 
inevitably have been spoiled, since ho could not have been brought 
knowingly to take such liberties with the divinities of Astronomy 
•and Geography. 

10. The allusion and imagery which Moore loved to seek 
in certain parts of physical science were generally much more 
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consistent with physical truth, without being less beautiful, than 
that which we have quoted above. 

How happily, for example, did he avail himself of that beautiful 
property of the iris by which it accommodates the eye to greater and 
less degrees of light, enlarging the pupil when the light is faint, 
and contracting it when it is intense. 

The iris, as is well known, is the coloured ring which sur- 
rounds the dark spot in the middle of the eye ; this dark spot 
being not a black substance, but a circular oritice through which 
the light is admitted to the membrane lining the posterior part 
of the internal chamber of the eve. This circular orifice is called 
the pupil, the retina being the nervous membrane which pro- 
duces the visual perceptions. These, with other particulars of the 
structure of the eye, will be found fully explained in our Tract on 
that subject. 

The iris which surrounds the pupil has a certain power of con- 
traction and expansion, which is produced by the action upon it of 
proper muscles provided for that purpose. 

The quantity of light admitted through the pupil to the retina 
is increased or diminished in the proportion of the a^ea of the 
pupil, which increases and diminishes in proportion to the square 
of its diameter ; a very small variation of which therefore pro- 
duces a very considerable proportionate variation of the quantity 
of light admitted. 

If a person, after remaining for some time in a room dimly 
lighted, pass suddenly into one which is strongly illuminated, he 
will become instantly sensible of pain in the retina, and will 
involuntarily close his eyes. After a short time, however, he will 
be enabled to open them and look around with impunity. 

The cause of this is easily explained. In the dimly lighted 
room the pupil was widely expanded to collect the largest quantity 
possible of the faint light, so that a sufficient quantity might be 
received by the retina to produce a sensible perception of the 
surrounding objects. On passing into the strongly illuminated 
room the expanded pupil admits so much of the intense light as 
to act painfully on the retina, before there is time for the iris to 
adjust itself so as to contract the aperture of the pupil. After 
a short interval, however, this adjustment is made, and the area 
of the pupil being diminished in the same proportion as the 
intensity of the light to which it is exposed, has been augmented 
in passing from the one room to the other, the action upon the 
retina is proportionally mitigated, so that the eye can regard 
without pain the surrounding objects. 

The reverse of all this takes place when the eye suddenly 
passes from strong to feeble illumination. The pupil contracted 
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when exposed to the strong light is not sufficiently open to admit 
the rays of feeble light necessary to produce visual perception, 
and for some time the surrounding objects are invisible. When, 
however, the proper muscular apparatus has had time to act upon 
the iris so as to enlarge the pupil, the rays are admitted in greater 
quantity, and the surrounding objects begin to be perceived. 
These phenomena are beautifully expressed by the lines of 
Moore : — 

“ Thus when the lamp that lighted 
The traveller, at first goes out, 

He feels awhile benighted, 

And lingers on in fear and doubt ; 

“ But soon the prospect clearing, 

In cloudless starlight on he treads, 

And finds no lamp so cheering 

As that light which Heaven sheds.” 

Nevertheless there is a 1 point in this which demands some ex- 
planation. It is implied in these lines that the source of nocturnal 
illumination is chiefly, if not exclusively, starlight . This has 
been in a great measure disproved in some memoirs published by 
Arago in the “ Annuaire du Bureau des Longitudes,” in which he 
shows that there must be some other source of nocturnal illumi- 
nation than that of the stars. On nights, for example, which are 
thickly clouded there is sometimes a stronger light than on those 
in which the Armament is clear and serene. From this and other 
circumstances Arago argues that there must be some power of 
illumination in the clouds or in the atmosphere independently of 
the light which proceeds from the stars. This is a point, however, 
the full development of which would require more space and 
time than we can spare for it on the present occasion. 

11. In another of Moore’s poems we And the following beautiful 
lines : — 

“ While gazing on the moon’s light 

A moment from her smile I turn’d, 

To look at orbs that, more bright. 

In lone and distant glory burn’d. 

But too far 
Each proud shir. 

For me to feel its wanning flame, 

Much more dear, 

That mild sphere, 

Which near our planet smiling came. 

* * * * 

Thus, Mary, be but thou my own ; 

While brighter eyes unheeded play, 

I’ll love those moonlight looks alone, 

That bless my home and guide my 
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This is not only beautiful poetry, but sound astronomy. Tho 
distances of the stars are many hundreds of millions of times 
greater than that of the moon, but their actual splendour is in 
many cases greater than that of the sun. Thus it has been shown 
by calculations made upon observations which appear to admit of 
no doubt, that the star Sirius, commonly called the Dog-star, is a 
sun 146| times more splendid than that which illuminates our 
system. Its distance, however, is so enormous that the actual 
light which it sheds upon our firmament is less than the five 
thousand millionth part of the sun’s light. 

Another star, which is the principal one in the constel- 
lation of the Centaur, has been ascertained to be a sun whose 
splendour is 2J times greater than that of ours, but owing 
to its enormous distance the light which it sheds in our 
firmament is twenty-two thousand million times less than that 
of the sun. * 

Sir John Ilersehel compared the light shed by this star from 
our firmament, and found by exact photometric measurement 
that it was 27408 times less than the light of the full moon. 

12. Shakspeare imputes to the cricket the sense of hearing — 

“ I will tell it softly, young crickets shall m»t hear me. 

This was long considered as a scientific blunder on the part of 
the poet, the most eminent naturalists having maintained that 
insects in general have no sense of hearing. Prunelli, an Italian 
naturalist, however, has demonstrated that the cricket at least 
has that sense. Several of these insects, which he shut up in a 
chamber, continued their usual erinking or chirping the whole 
day except at moments when he alarmed them by suddenly 
knocking at the door. The noise alvrays produced a temporary 
silence on their part. lie contrived to imitate their sounds so w r cll 
that the whole party responded in a chorus, hut were instantly 
silenced on his knocking at the door. 

He also made the following experiment. He confined a male 
cricket on one side of his garden, while he put a female on the 
other side at liberty. The moment the belle heard the crink of 
her beau she showed no coyness, but immediately made her way 
to him. 

l.‘h The female glowworm, which emits the phosphorescent light, 
familiar to all who have dwelt in warm climates, remains com- 
paratively stationary to await the approach of her mate, attracted 

* Lardner’s Astronomy, pp. 749, 7f>2. 
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to her by the light which she holds out to him, a circumstance of 
which Moore has availed himself with his usual felicity : — 

‘ ‘ Beautiful as is the light 
The glowworm hangs out to allure 
Her mate to her green bower at night.” 


14. The well-known economy of the bee was never more beauti- 
fully described than by Shakspeare, who puts the following 
•comparison into the mouth of the Archbishop of Canterbury : 


* 4 True ! therefore doth Heaven divide 
The state of man in divers functions, 

Setting endeavour in continual motion ; 

To which is fixed, as an aim or butt, 

Obedience : for so work the honey bees ; 
Creatures that, hy a rule in nature, teach 
The act of order to a peopled kingdom. 

They have a king, and officers of sorts : 

Where some, like magistrates, correct at home ; 
Others, like merchants, venture trade abroad ; 
Others, like soldiers armed in their stings, 

Make boot upon the summer's velvet buds ; 
Which } tillage tliey with merry march bring home 
To the tent royal of their emperor ! 

Who, busied in his majesty, surveys 
The singing masons building roofs of gold ; 

The civil citizens kneading up the honey ; 

The poor mechanic porters crowding in 
Their heavy burdens at his narrow gate ; 

The sad-eyed justice, with his surly hum, 
Delivering o’er to cxe *”tors pale 
Tlit* lazy yawning drone." 

Jinny I’., Act. I., S-rue 2. 


L>. The phrase “ as blind as a beetle,’’ is as false as it is fami- 
liar. in the rapid flight of this insect in the evenings of summer, 
it often strikes the lace of those who walk abroad, and lienee is 
• erroneously inferred to he blind. 

Collins describes this insect in the well-known lines of his 
■Ode to Evening : — 

“Now air is hushed, save where 
The beetle winds his small but sullen horn, 

As oft he rises midst the twilight path, 

Against the pilgrim borne in heedless hum." 

The poet, it will be observed, avoids falling into the popular 
•error of imputing blindness to the insect. 
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16. In CampbelPs immortal poem, the Pleasures of Hope, we 
lind the following lines : — 

“ Angel of Life ! thy glittering wings explore 
Earth’s loneliest bounds, and Ocean’s wildest shore. 

Lo ! to the wintry winds the pilot yields 
His bark careering o’er unfathom’d fields; 

Now on Atlantic waves he rides afar, 

'Where Andes, giant of the western star, 

With meteor standard to the winds unfurl’d, 

Looks from his throne of clouds o’er half the world.” 

Although it is difficult to assign a limit to the degree of exag- 
geration allowed by the licence of poetry, it is quite clear that 
there is some such limit, and we apprehend that if these lines, 
so admirable as poetry, be curiously examined by the light of 
science, they will scared}’ be considered as falling within such 
limit. 

We are to imagine with the poet the genius of the Andes 
enthroned upon the most lofty peak of that chain, looking round 
him at the hemisphere, on the middle of which his throne rests. 
To behold from such a position “half the world,” would he 
a manifest optical impossibility, however elevated his seat might 
he. But if his range of view could in any degree approximate to 
half, or even to a quarter of the globe, the exaggeration might 
he allowed to pass. Let us see, however, what would he the 
utmost possible range of view which could he obtained by an 
observer placed upon the apex of the most lofty cone of the 
Andes, supposing the surrounding mountains of less elevation not 
to interrupt his general view of the earth’s surface. 

The most lofty peak of the Andes is that of Aconcagua, which 
rises immediately above Valparaiso, overlooking the Pacific Ocean. 
The extreme height of this summit is 2.3910 feet. Now let us 
see what would he the extreme range of view from such an 
elevation ; and in making this calculation we shall, contrary to 

our custom, introduce its mathe- 
matical details, so as to inspire 
our readers with greater confidence 
in the result. Let us suppose the 
semicircle here indicated to repre- 
sent the section of the hemisphere, 
near the middle of which the sum- 
mit of the mountain is placed. 
Let o represent the base, and t 
the summit of the mountain. If a line T z be drawn touching 
the earth, the point z will be the limit of the range of view of 
an observer looking from t in the direction of t z, and the 
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terrestrial arc z o will therefore represent the radius of the 
circle round the observer, which will be seen visible to him. In 
short, it will represent his terrestrial horizon, which the poet 
in the lines quoted assumes to be half the globe. By calculating 
the arc z o, the degree of exaggeration in the poetical illusion will 
be rendered apparent. 

The height of the peak of Aconcagua, reduced to geographical 
miles, is 3*935. The length, a z, of the earth’s semi-diameter, 
also expressed in geographical miles, is 3438, and, consequently, 
of the line a t will be 3438 + 3*935 = 3441*935. Let the ter- 
restrial arc z o be expressed by a, we shall then have 

a z 3438000 

Cos. a = - — = 

at 3441935 

To compute the value of a, we shall have, therefore — 

Log. 3438000 = 6.5363059 
Log. 3441935 = 6*5368021 

Log. Cos. a = 0*9995038 

a - 2-44' 18" - 164*3 miles. 

It appears, therefore, that the range of view round such an 
observer would be confined within a radius of 164 geographical 
miles, whereas “ half the world,” supposing it to be spread out in 
a circle under the eye of the observer, would be measured by a 
radius of 90 X 60, or 5400 miles, so that half the w r orld w ould be 
measured by a radius more than thirtv-tw r o times that wiiieh 
would actually limit the view of Campbell’s “ giant of the western 
star.” We admit, however, that the task is rather an ungracious 
one, which consists in thus cutting dowm the splendid imagery of 
Campbell’s poetry to the level of the severe limits of scientific 
truth, and if we do so, it is more for the sake of exercising our 
readers in physical enquiry, and habituating them to mathema- 
tical precision, than w r ith any intention of depreciating poetic 
beauties of wdiich we are as sensible as others. 

17. No notion is more prevalent, respecting the insect economy, 
nor more frequently embodied in the imagery of poets and in the 
eloquence of moralists, than the industry and foresight imputed 
to the ant : — 

— “Tell me, why the ant, 

’Midst summer’s plenty, thinks of winter’s want, 

By constant journies careful to prepan* 

Her stores, and, bringing home the corny ear, 
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By what instruction does she bite the grain, 

Lest, hid in earth, and taking root again, 

It might elude the foresight of her care '( ” 

Prior. 

It has been ascertained, however, that these instincts are 
erroneously imputed to the ant. That insect passes the winter in 
a torpid state, and does not lay up any store of provisions. Still 
less does it take any such precautions as those commonly im- 
puted to it, of biting oft' the ends of the grains which it lays in 
store?, to prevent them from germinating. It is supposed that 
this error may have arisen from the insect being observed to 
carry about their young in the pupa state, in which they have 
some resemblance to a grain of corn, and also from their being 
observed to gnaw oft* the end of the sheath which encloses the 
pupa, in order to liberate the insect, after it has attained its perfect 
state, from its confinement. 

18. The words of Solomon respecting this insect, which occur in 
Proverbs, vi. (>, 7, 8, are well known : — 

6. Co to the ant, thou sluggard ; consider her ways and be wise. 

7. Which having no guide, overs* ■or, or ruler, 

8. Provideth her meat iu the summer, and gathereth her food in the 
harvest. 

If the original Hebrew word, which has been here translated by 
the Saxon ant, property signifies the European insect of that 
name, these versos of Solomon would undoubtedly involve an 
error in zoological history ; but that cannot he affirmed until the 
habits and manners of other species of the insect inhabiting 
warmer climates have been examined and ascertained. For 
although during the cold winters incidental to this climate, the 
ants remaining in a torpid state do not need food, yet in warmer 
regions, where they are probably confined to their nests during 
the rainy season, a store of provisions may he necessary for them. 
This supposition has been to a great extent verified by the dis- 
covery made by Colonel Sykes, at Poonah, in India, of a species of 
ant, which he denominates Atta provide ns, which store up the 
seeds of a kind of grass called paniruw, at the time they are ripe 
in J anuary and February, which they expose on the outside of 
their nests to the sun in the warm season, for the purpose of 
drying them after they have been wetted by the rains of the 
Monsoon. Such measures cannot be explained, except by the 
supposition that these seeds are destined for food, and though 
there is no recorded instance of ants feeding on any vegetable 
substances, except such as are saccharine, yet, all experience 
proves how constantly in entomology, exceptions to general laws 
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are presented, and there seems to be good reason to believe that 
this is one of them.* 

19. Every reader who is duly sensible of the sublime poetry of 
certain parts of the Hebrew Scriptures will be familiar with the 
following splendid description of the war-horse in the Book of 
Job, xxxix. 19 : — 

19. Hast thou given the horse strength ? hast thou clothed his neck 
with thunder i 

20. Canst thou make him afraid as a grasshopper? the glory of his 
nostrils iff terrible. 

21. He paweth in the valley, and rejoicetli in his strength : he goeth 
on to meet the armed men. 

22. He moeketli at fear, and is not affrighted ; neither turneth he back 
from the sword. 

28. The quiver rattlcth against him, the glittering spear and the 
shield. 

24. He swalloweth the ground with fierceness and rage ; neither 
believeth lie that it in the sound of the truni]>et. 

52. He saith among the trumpets, Ha, ha ; and he smelleth the battle 
afar off, the thunder of the captains, and the shouting. 

20. In reading these verses, one is so dazzled with their splen- 
dour that it is difficult to submit them to the cold test of physical 
truth. Nevertheless, it has always appeared to us, that the 
second member of the first verse above quoted is, as translated, 
destitute of all meaning. To clothe an object with thunder would 
be to clothe it with a sound, which obviously is destitute of all 
meaning either literal or metaphorical. It might seem as though 
the allusion intended in the original of the passage might have been 
to lightning and not to thunder. One can conceive the waving 
and flashing of the mane of the war-horse fairly enough imaged 
by lightning, especially when considered in connection with the 
roar of the battle-field and “the thunder of the captains,” so 
finely described in a succeeding verse. If the original Hebrew 
term which has been translated by the word thunder could bear 
the signification of lightning, the objection here advanced would 
he removed. 

To say that a tiling is clothed with a sound reminds one of an 
anecdote to which we have alluded on a former occasion. A 
blind man being asked what idea he had of the colour scarlet, 
replied that he believed lie had a very clear notion of it, for that 
it was just like the sound of a trumpet. 

21. Thinking it highly probable that the blemish which I have 

* Trans. Ent. Sec., London. Vol. ii. p. 211. 
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here indicated was attributable to the translators, rather than 
the author, of the book of Job, I have had recourse to the original 
Hebrew ; and desiring on such a point to be supported by higher 
authority than I can myself lay claim to, I requested the aid of 
two eminent Hebraists, Dr. Alexander McCaul, of King’s College, 
and the Rev. Professor Marks, of University College, London, 
both of whom have favoured me with their opinions and sug- 
gestions on the subject ; and, as they do not materially differ, 
there can be no doubt that their interpretation is substantially 
correct. It appears, as I anticipated, that the translation is 
faulty ; but, on the other hand, the Hebrew word which has been 
translated thunder never means lightning. 

22. Gesenius says that the primitive sense of the term used is 

tremor, or trembling, being derived from the verb Raam, which 
signifies to tremble. In verse 19, he says, that it has the 
primary sense, tremor, and that it is used poetically for the mane 
of a horse, as in the Greek Here, however, are his words 

from the Thesaurus : 

“ rrori f. 1, tremor ; poet, pro juba equi, qute in cquis nobilioribus 
propter cervicis obesitatem contremiscit, unde gr. <p£&r)j juba, a 
<t>60os . (Job. xxxix. 19.) ” 

23. The famous Ewald, the other great authority in Hebrew, 

in his “ Poetisehe Bucher des Alten-Bundes,” gives the same 
sense, and translates the word by the German Zittern, trembling. 
Both understand the trembling mane, and therefore find no 
allusion to thunder or lightning. The word is by none inter- 
preted lightning , and cannot have that meaning. The LXX have 
tp6&ov, tremor, which Gesenius supposes to be equivalent to 
mane. Symmachus has K\ayyfjt/. Theodotion, which 

sense is also given by the Yulgate, Hinnitum. The moderns, 
who prefer this sense, take “neck” as poetic for “throat*” or 
explain the thunder of the sound of the long shaking mane. 

24. Schultens translates the word “ tremore alaeri,” (with 
rapid quivering). Parkhurst translates the word thus, “ With 
the shaking mane.” 

25. On the whole, therefore, it appears that the English version 
of the second member of v. 19, chap, xxxix. is incorrect. “ Hast 
thou clothed his neck with thunder ‘r ” is not the sense of the 
original Hebrew, which would be correctly rendered thus, “ Hast 
thou clothed his neck with a shaking (or flowing) mane 
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CHAPTER I. 

1. Moral suggested by economy of nature. — 2. Antiquity of apiarian 
researches— Hebrew scriptures — Aristomachus — Fhiliseus — Aristotle 
— Virgil. — o. Modern observers. — 4. Huber. — 5. His servant 
Bunions — curious history of his blindness.— 1». His wife and son. — 
7. rursuit of his researches. — S. Structure of insects. — lb Flan of 
their anatomy. — 10. Hymenoptera. — 11. Varieties of bees. — 12. 
Hive bee. — HI. The queen — her numerous suitors. — 14. Her chastity 
and fidelity. — 15. Her fertility.— Hi. Her first laying. — 17. Royal 
eggs. — 18. Royal chamber. — 19. Effect of her postponement of her 
nuptials. — 20. The drones. — 21. The workers. — 22. Structure and 
members of the We. — 23. Mouth and appendages. — 24. Use of 
proboscis. — 25. Structure of tongue. — 2(1. Honey-bag. — 27. Stomach. 
— 28. Antenme. — 29. Wings. — 30. Legs. — 31. Feet. — 32. Sting. — 
33. Organs of fecundation and reproduction. — 34, Number of eggs 
produced by the queen. 

1. Nature offers herself to human contemplation under no 
aspects so fascinating, as those in which she renders manifest the 
provident care of the Creator for the well-being of his creatures. 
The spectacle of infinite wisdom directing infinite power to bound- 
Lardner’s Museum of Science. b 1 
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less beneficence, never fails to excite in well- constituted minds the 
most pleasurable and grateful emotions. Such views of Nature 
are the truest and purest fountains of that reverential love, 
which so eminently distinguishes the Christian from all other 
forms of worship. 

In the notices from time to time given in this series of the 
stupendous works of creation presented in the heavens, and of 
the benevolent care displayed in the supply of the physical wants 
of the inhabitants, not of the terrestrial globe * alone, but also of 
the planets, f which, in company with the earth, revolve round 
the sun, numerous examples of such beneficence are presented. 
The vast dimensions of these works, as well as the great import- 
ance and the countless numbers of the objects to be provided for, 
leading the mind naturally to expect a system of provisions esta- 
blished on a corresponding scale, their display, while it excites 
equal admiration and reverence, produces a less intense sentiment 
of wonder. When, however, we turn our view from the vast 
■works of creation exhibited in the celestial regions, to the more 
minute ones presented in the organised world around us, our 
wonder is as much excited as our admiration, at beholding the 
same traces of Divine care in the economy of an insect, as were 
observed in the structure and motions of a planet. There are the 
same infinite W'isdom and foresight, the same unapproachable 
skill, the same boundless goodness directed to the maintenance of 
the species and the well-being of the individual, as we have seen 
displayed in the provisions for a globe a thousand times larger 
than the earth, or for a cluster of worlds millions of times more 
numerous than the entire solar system, sun, earth, planets, moons, 
and all ! AVe have thus before us ■ a demonstration that as the 
most stupendous works of the universe — the expression of whose 
dimensions surpasses the powers of arithmetic — are not above 
Divine control and superintendence, so neither are the most insig- 
nificant of creatures — whose existence and structure can be made 
evident only by the microscope — below the same benevolent care. 

2. Among the numerous examples, suggestive of reflections 
such as these, presented by the insect- world, there is none more 
remarkable than the little creature, to the character and economy 
of which we shall devote this notice. How true this is, is proved 
by the examples of those who, in all ages of the world, have de- 
voted their labours to the observation and investigation of its 
character and habits. In the Hebrew Scriptures numerous allu- 
sions to the bee show that, in those remote times, it had already 

* See Tracts on the Earth, Geography, Terrestrial Heat, Air, Water, kc, 

+ See the Planets, are they inhabited ? the Sun, the Moon, the Stellar 
Universe, &c. 



ARISTOTLE — VIRGIL— HUBER . 


been a subject of attention with the wisest and the best. Pliny 
relates that Aristomachus of Soli in Cilicia devoted fifty-eight 
years of his life to the study of the bee ; and that Philiscus, the 
Thracian, passed so large a part of his time in the woods observing 
its habits, that he acquired the title of Acinus. Among his 
numerous researches in natural history, Aristotle assigned a con- 
siderable share to the bee; and Virgil devoted to it the fourth 
book of his Georgies : — 

il Protenus aiirii mollis coelcstia dona 
Exsequar. Hanc etiam, Maecenas, adspice partem. 

Admiranda tibi levium speotacula rerum, 

Magmuiimosque duces, loti usque ordine gent is 
Mores, et studia, et populos, et pnelia dicam. 

In temii labor ; at tenuis non gloria, si quern 
Numina Leva sinunt, auditque vocatus Apollo.” 

Gkoiio. IV. 1 — 7. 

“ The gifts of Heaven my following song pursues, 

Aerial honey, and ambrosial dews. 

Msecenas, read this other part that sings 
Embattled squadrons and advent’rous kings — 

Their arms, their arts, their manners, I disclose, 

And how they war and whence the people ro.»r. 

Slight is the subject, but the praise net small 
If Heaven assist, and Plmbus hear my call." 

Dll YUEN. 

13. In modern times the bee has been the subject of the obser- 
vations and researches of some of the most eminent naturalists, 
among whom may be mentioned Swammerdam (1(370), Maraldi 
(1712), ltay, Reaumur (1740), JLlnntvus, Rennet, Schiraeh, John 
Hunter, lluber- — father and son, — and more recently Kirby, whose 
monograph upon the English bees may be regarded as a classic in 
natural history*. 

4. Among these, the elder Huber stands pre-eminent, not only 
for the extent and importance of his contributions to the history’ of 
the insect, hut for the remarkable circumstances and difficulties 
under which his researches were prosecuted. Visited with the 
privation of sight at the early age of seventeen, his observations 
were made with the eyes and his experiments performed with the 
hands of others ; and, notwithstanding this discouragement and 
obstacles which might well have been regarded as insurmountable, 
he continued his labours for forty years, during wdiich he made 
those discoveries which have conferred upon him such celebrity. 

5. Happily for science, Huber, after losing his sight and at the 
commencement of his researches, had in his service a domestic, 
named Francois Burnens, a native of the Pays de Vaud, ir. Swit- 
zerland. Reading and writing constituted the extent of the 
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education of this person ; but nature had bestowed upon him 
faculties which, with better opportunities, would have rendered 
him an eminent naturalist. Huber commenced by employing him 
as a reader. 

He read to his master various works on physics, and, among 
others, those of Reaumur, in which the admirable observations of 
that naturalist on the bee are so clearly and beautifully stated. 
Huber soon perceived by the observations and reflections of his 
reader, and by the consequences he deduced from what he read, 
that he had at his disposition no ordinary person, and resolved to 
profit by him. He accordingly procured the means of prosecut- 
ing a series of observations on the economy of the bee, with the 
aid of the eyes, the hands, and the intelligence of Burnens. All 
the observations of Reaumur were first repeated, and the accord- 
ance of the phenomena, as described by Burnens, with those 
which had been recorded by Reaumur, gave Huber full confi- 
dence ; and the master and servant, quitting the beaten path, 
entered upon new ground, and during a period of fifteen years, 
prosecuted those researches in the natural history and economy of 
the bee, which, being committed to writing by the hand of Bur- 
nens at the dictation of Huber, were published in one volume 
about 1702, in form of letters addressed by Huber to Bonnet. 

6. Soon after this, Huber lost his invaluable colleague, for 
servant he had long ceased to be. Burnens w r as recalled by 
family ties to his native place, where the personal estimation in 
which he was held caused him to be raised to a high position in 
the local magistracy. 

Previously to this, Huber had the good fortune to consolidate his 
domestic happiness by marriage. 11 My separation from my faithful 
and zealous Burnens,” said Huber, i * which was not the least cruel 
of the misfortunes with which I was visited, was, however, softened 
by the satisfaction which 1 felt in observing Nature through the eyes 
of the being who was dearest to me, and with whom I could com- 
mune with pleasure on the most elevated topics. But what more 
than all the rest contributed to attach me to natural history, was 
the taste manifested by my son for that subject. I explained to 
him the results of my observations and researches. He expressed 
the regret he felt that labours which would, as it seemed to him, 
so deeply interest naturalists should remain buried in my port- 
folio. Perceiving, meanwhile, the secret repugnance that I felt 
against the task of reducing them to order, he proposed to take 
charge of that labour.” 

7. From that time our great naturalist was again consoled, by 
having at his disposal two pair of eyes in place of one. The wife 
and the son, animated by a common enthusiasm, and urged by 
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conjugal and filial devotion, more than compensated for the loss 
of Burnens ; and the observations and researches were pursued 
with unabated zeal, and were finally collected and published in 
the second volume, which appeared about 1814, more than twenty 
years after the publication of the first.* 

8. Since any explanation, however popular and familiar, of the 
economy and habits of the bee, must necessarily involve very 
frequent references to its structure and organs, it will be con- 
venient in the first instance briefly to explain the terms, by which 
naturalists have designated its several parts. 

The body of insects in general consists of a series of annular 
segments, so articulated one to another as to allow more or less 
flexibility. It consists of three chief parts, the head, the thorax , 
and the abdomen. 

The head consists of a simple segment, the thorax of three, and 
the abdomen of a greater number, sometimes as many as nine. 
Each segment is distinguished by its ventral or inferior, and 
dorsal or superior part. 

Insects have three pairs of legs, which are inserted in the sides 
of the ventral parts of the three thoracic segments of the body ; 
and generally two pairs of wings, which are inserted in the sides 
of the dorsal parts of the second and third thoracic segments, 
counting from the anterior to the posterior part of the body. 

A pair of members, called antenna are inserted in the sides of 
the head, varying much in structure in different classes, and 
in many, including the bee, have the form of slender and flexible 
horns, consisting of many minute pieces articulated one to another. 
These are generally presumed to be tactile organs, and are con- 
sequently sometimes called feelers. 

9. This description will be more easily comprehended by 
reference to the annexed diagram, fig. 1 , which may be taken 
as a general theoretical representation of the structure of an 
insect. 

As here indicated, the three thoracic segments are distinguished 
as the pro-, meso-, and metatliorax. 

10. Insects have been classified by naturalists according to the 
structure of their wings, and the order to whieli the bee has been 
assigned, and of which it is regarded as the type, is tin* Hymen- 
optera , a compound of two Greek -words signifying membranaceous 
wings. 

The section or subsection of the order of Hymen optera, which 
in its economy and peculiar construction differs most from all 
other orders of insects, has been designated by Latreille Mel lifer a, 

* “ Non velles Observations sur los Abeilles.” Paris, 1S1-1. 
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a Latin word signifying Honey-Gatherers ; or Antkophila, a 
Greek word signifying Flower-Lovers. 


Antennae ~ 
Eyes ~ 



Head 



11. How numerous are the varieties of bees may be conceived, 
when it is stated that of bees found in Great Britain alone, Kirby 
in his Monograph lias enumerated 220 species, and other more 
recent observers have increased the number to 250. The species, 
however, which by its commercial importance, as well as by its 
remarkable habits and social organisation, presents the greatest 
interest, is the Hive Bee, to which, therefore, we shall chiefly 
limit our notice. 

12. The Ilive bee belongs to what naturalists have denominated 
the perfect societies of insects. Each community of these insects 
consists of three orders of individuals distinguished by their 
number, their organisation, and the respective share they take in 
the common labour of the society. These are denominated seve- 
rally the queen or sovereign, the males or drones , and the ivorlcers ; 
the latter consisting of two classes, called the wax - makers and 
the nurses . A hive which contains as many as 50000 bees will 
have only one queen, and not above 2000 males. 

13. The queen who, as her title implies, is the acknowledged 
6 
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monarch of the hive, is distinguished from her subjects bv con- 
spicuous personal peculiarities. Her body, fig. 2, is considerably 


Fig. 2. 


Queen. 


Fig. 3. 



Drone. 


Fig. 4. 


Wax-maker. 




Fig. f>. 



Nurse, loaded w ith pollen. 


Fig. 0. 



Drone in fliglst, showing 
organs of tucundatiou. 


longer than that of any of her subjects ; she is distinguished by a 
more measured and majestic gait, by the comparative shortness of 
her wings, and the curvature of her sting. Her wings, which are 
strong and sinewy, are only half the length of her body, extending 
very little beyond the posterior limit of her thorax, while those of 
the drones, fig. 15, and the workers, fig. 4, cover the abdomen. Her 
legs are destitute of the brushes and baskets with which those of 
the workers are furnished. She has no occasion for these instru- 
ments of industry, since her exalted station exempts her from 
labour, all her wants being munificently provided for by her 
subjects. She is distinguished by her colour as much as by her 
form, the black of the dorsal part of her body being much brighter 
than that of the drones and workers, and the ventral parts and 
legs being of dark orange or copper-colour, the hue of the hinder 
being deeper than that of the other legs. 

The queen, who is the only lady of the hive, enjoys the 
privilege of being followed by many hundred suitors in the persons 
of the drones. At the early age of two or three days she is mar- 
riageable, and it rarely happens that her royal decision is long 
postponed ; and, indeed, if she were not favourably disposed for 
such an event, the anxiety of her numerous subjects would urge 
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her to it, fjr in no human monarchy are the hopes of succession so 
anxiously cherished as in the Empire of the Hive. 

14. It must not be imagined, that because a lady is thus 
domesticated alone with so many hundred lovers, there is any 
the least degree of laxity in the morals of the society; on the con- 
trary, although she is absolutely uncontrolled, and is courted 
by so many hundreds, her choice is strictly limited to one. A tine 
warm sunny day is selected for the nuptials, which are celebrated 
in the air. On the auspicious occasion, her majesty issuing from 
the hive followed by the multitude of her suitors, rises in the air, 
where she is encircled by the tlight of the candidates lor her 
lavour. Here she makes her selection, but, alas ! the felicity is 
brief, for the object of her choice never outlives the wedding-day. 
She is, however, not the less faithful to him, and never contracts 
a second marriage. 

Id. Though her majesty is thus left a widowed bride, in 
two days after the celebration of her nuptials and the loss of 
her lord, she commences to lay eggs from which a posthumous 
progeny of that lord, countless in number, are destined to issue. 
Of the hundreds of rejected suitors, a limited number emigrate 
with the successive swarms, which from time to time leave the 
overpeopled hive. Those which remain, being no longer useful to 
the community, become objects of general aversion, and are linally 
exterminated by a general massacre, as will presently be more 
fully explained. 

16. During six or eight weeks the queen constantly lays eggs, 
from which working bees only are destined to issue. Chambers 
have been previously prepared for these, suitable to the future 
young ones, in form, size, and position, by the workers. In each 
of those cells the queen deposits a single egg. 

At a later period her majesty begins to lay another kind of egg, 
from which males will issue. For these also special chambers 
have been provided by the careful workers, of suitable dimen- 
sions, being somewhat more roomy than those prepared for 
worker-eggs. The number of these male eggs and of the 
cells for their reception is incomparably less than those of the 
workers ; less, in short, in the proportion in which the drone 
class is less numerous than that of the workers in the population 
of the hive. 

17. In line, the queen, sensible of her mortality, and more- 
over of the approaching state of superabundant population in the 
hive, lays a certain small number of royal eggs, from which as 
many princesses issue, who are severally destined to he candidates 
for the thrones of the colonies which are to emigrate, or to succeed 
to the throne of the hive itself, should the queen-mother, as often 

8 
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happens, decide on abdicating and accepting the allegiance of one 
or other of the emigrating colonies. 

18. Special chambers of exceptional form, position and magni- 
tude have been previously prepared for these royal eggs by the 
provident workers. In these the princesses are reared and 
educated with extraordinary care, being fed with a peculiar food. 

19. It is essential to the prosperity of the community, that the 
nuptials of the queen should not be postponed to a later period 
than the second day of her age, the consequence of such postpone- 
ment being that her progeny would consist of a redundancy of 
drones. Thus, if the marriage be postponed till she is about a 
fortnight old, she will lay as many drone as worker-eggs, and if 
it be delayed until her age is three weeks, she will only lay 
drone eggs, flow great a calamity such events must be in the 
apiarian economy will be understood, when it is considered that 
in a well-regulated society there ought to be about ten workers 
to each drone. The general duration of the life of a queen is 
from five to six years. 

‘JO. The males or drones, fig. 13, are less than the queen and 
larger than the workers, tig. 4. The extremity of the body is 
more velvety. The last segment being fringed with hair, extend- 
ing over the tail, so as to bo visible to the naked eye. They take 
no part whatever in the labours of the community, contribute 
nothing to the common stock, are idle, slothful, and cowardly, and, 
as if to render their extermination more easy to the industrious 
part of the population, nature has given them no sting. They make 
a louder buzz with their wings in Right, never exercise any in- 
dustry, and are destitute of the baskets and other appendages with 
which the busy workers collect the materials of honey and wax. 

The life of a drone does not exceed a few months, and he 
seldom dies a natural death. If he is honoured by the choice of 
the queen and elevated to the rank of king-consort, he dies on 
the very day of the nuptials. If he he among the hundreds 
rejected by her majesty, and do not emigrate with one or other 
of the swarms, being a useless and idle member of the community, 
he is massacred by the workers. 

21. The workers, sometimes called neuters, arc generally con- 
sidered as sterile females. The number of these in each com- 
munity is very variable, being seldom less than 12000, more 
generally amounting to 20000, and in hives where swarming is 
checked by ailbrding abundance of room, the number may rise to 
60000. They are the smallest members of the society, tig. 4, 
have a long flexible proboscis and legs of peculiar structure. 

22. Among the wonders presented by tin* insect- world th ehead 
of the bee and its appendages command especial attention. 



THE BEE. 


In common with insects generally, the chief parts of the mouth 
are, the tongue, th ejaws, the lips , and the throat or oesophagus. 

The jaws are each double, separated by a vertical division. 
Each pair opens, therefore, with a horizontal instead of a vertical 
movement like the human jaws. The pair of upper jaws are called 
mandibles , and the lower max Hire. The upper lip is called the 
labnim and the lower the labium. The mouth is also supplied 
with two pairs of special organs called palpi or feelers, one pair 
attached to the lower lip and called labipalpi , and the other to the 
lower jaw and called maxipalpi. 

23. In fig. 7, is given a magnified view of the buccal apparatus 
of the wild bee ( Anthophora retusa)* the parts being indicated. 


Mandibles 

Maxillary feeler --- 
Jaws-— 

Labial feeler 



Lateral *obos of little bmcne 
Little tongue 


A less detailed view, also magnified, of the same apparatus of 


the hive-bee is shown in fig. 8. 
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Rg. 8. — Tongue of Hive bee (magnified). 
* Milne Edwards. 




HEAD AND MOUTH. 


A magnified view of the head of the drone is shown in fig. 9. 



The mandibles, or upper pair of jaws, in the workers are strong, 
horny and sharp. They are the tools with which it performs its 
various labours. Meeting over the other parts of the mouth, they 
are covered in front by the labrum or upper lip. The maxilke, or 
lower jaws, on the contrary are pliable and leathery, and hold the 
objects upon which the insect works with its mandibles. 

The tongue, which is long and endowed with great flexibility, 
is moved by a complex system of powerful muscles. When it is 
in a state of inaction, it is withdrawn within its sheaths, the 
end which protrudes beyond them being doubled up under the 
head and neck, the sheaths consisting of two pair of strong 
scales. 

24. When the bee lights upon the blossom of a flower from 
which it desires to extract the nectar, it darts out its tongue from 


the sheaths that invest it, and having 
pierced the petals and stamina where 
the treasure is hidden, it inserts its 
tongue which moves about in every 
direction in virtue of its great flexibility 
and muscular power, and probes to the 
very bottom the floral cells, sweeping 
their surfaces and draining them to the 
last drop of their precious j uice. Having 
thus collected the nectar upon the 
tongue, that organ being drawn back 



Fig. 10. — Worker extracting 
nectar from a blossom. 


into the mouth, the liquid sweets are projected back into the 


pharynx, and thence into the throat or oesophagus. 

25. It must be observed also, that the tongue is not only flexible 
but susceptible of inflation, so as to form a sort of bag, * in which 


Dr. Bevan on the Honey Bee, p. 2i)S. 
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the nectar is collected preparatory to being transferred to the 
oesophagus. 

26. The first stomach or honey-bag into which the nectar 


Stomach. 


End of (cso- ) 
phagus ) 


Honey -bag 



T .urge intestine 
Fig. 11.— Digestive apparatus of the Hoe (magnified). 


passes through the (esophagus, — which is a long and slender tube 
passing from the back of the mouth through the neck, — has the 
form of a Florence flask, and is composed of a material as trans- 
parent as glass. When tilled it has the magnitude of a small pea. 
The houey received by it is partly regurgitated and deposited for 
general use in the cells of the comb, which will presently be 
described. The remainder which constitutes the food of the insect 
passes into the true stomach, and from thence into the intestines 
where it undergoes the process of digestion, the products of which 
are distributed through suitable tubes to all parts of the body for 
its nourishment. 

27. Both the honey-bag and the stomach are susceptible of 
contraction, by which the food is thrown back from the former 
into the mouth as in ruminating animals, and from the latter into 
the intestines. 

28. The antennae are organs of great importance, upon the 
functions of which, however, naturalists are not fully agreed. It 
appears certain nevertheless, that they are not only tactile instru- 
ments of great sensitiveness, hut are organs, by the signs, gestures, 
and mutual contact of which the bees communicate to each other 
their mutual wants, and conve}" information in many cases, some 
of which will be noticed hereafter, respecting the condition of the 
hive. 

29. The flying-apparatus of the bee, as well as that of many 
other insects, far exceeds in power the instruments of flight with 
which the swiftest birds are furnished. To the anterior margin 
of the under wings are attached eighteen or twenty hooks, which 
when spread for flight (figs. 5, 6) lay hold of the posterior edges 
of the upper wings, so that the two wings on each side thus united 
act as a single wing. 

12 
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30. The three pairs of legs are composed of several joints (tig. 1) 
articulated like those of the human arm, so as to give great 
mobility to the member. The lower joints of the two under pairs 
form brushes, the hairs of which are stiff and bristly, and set 
upon their inner surfaces. The farina which they collect from 
the stamina of flowers is swept off by these brushes, as well as by 
the hairs with which their abdomen and thorax are covered. This 
farina is afterwards by means of the maxilla) or jaws, and the feet 
of the anterior pair of legs, rolled into pellets and packed in a pair 
of spoon-shaped cavities or baskets, provided for that purpose and 
attached to the feet of the hindmost pair of legs. In this process 
the brushes, after disposing of their own collection of farina, 
sweep that flour also from the surface of the abdomen and thorax, 
and pack it in like manner in the baskets. The exterior of these 
baskets is smooth and glossy, and the interior lined with strong 
close hairs to retain the load in its place, and prevent its escape 
in flight. 



It is worthy of remark that neither the queen nor the drones 
are supplied with this appendage. Since neither exercise any 
industry they would have no use for it. 

31. Each foot terminates in two hooks, the points of which are 
opposed one to the other. Hv means of these the insects suspend 
themselves at will to the sides and roofs of their habitation, and 
hanging from each other form a living curtain in certain operations 
which will be presently noticed. 

In the middle of each of these is placed the sucker , by which 
the insect is enabled to walk with facility on surfaces with its body 
downwards, as we sec flies walk on ceilings. These suckers are 
little flexible cups, the edges of which are serrated so as to allow 
of their close application to any kind of surface. When closely 
applied, the air between the sucker and the surface is excluded, 
so that the body is attached to the surface by the pressure of the 
atmosphere. When the foot is to be detached from the surface, 
as in walking, the air is readmitted. This apparatus mav be 
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easily seen, and its action observed, by inspecting with a microscope 
the feet of a lly walking on a pane of glass, the observer being on 
the side of the pane opposite to that on which the fly moves. 

32. Besides the stomach and intestines, the abdomen of the 
queen and workers contains the sting and the apparatus connected 
with it, by which the venom which it pours into the wound is 
secreted, an instrument of offence supplied to these in common 
with many other species of four- winged insects. This formidable 
weapon of vengeance is established in its tail. All the insects 
which in common with the bee are supplied with a sting, belong 
to the order hymcnoptcra or membrane-winged. This weapon 
consists of two darts finer than a hair, which lie in juxta- 
position, being barbed on the outer sides, but so minutely that 
the points can only be seen with the microscope. These darts 
move in the groove of a strong sheath, which is often mistaken 
for tho sting itself. AYhen the dart enters the llesli, a drop of 
subtle venom, secreted by a peculiar gland, is ejected through 
the sheath and deposited in the wound. This poison produces 
considerable tumefaction, attended with very acute pain. 

The posterior extremity of the body of a worker with the sting 
protruded is shown in flg. 111. 



Fig. 14. — The same slightly magnified, showing 
the venom bag. 

The sheath of the sting, also called the ovipositor, consists, ac- 
cording to Dr. Bevan, of a long tube, or rather of several tubes, 
which pass one into another like those of a telescope. The muscles 
by which the sting is propelled, though too minute to be seen 
without the microscope, have, nevertheless, sufficient power to 
drive the sting to the depth of the twelfth of an inch into the thick 
cuticle of a man’s hand. The sting is articulated by thirteen scales 
to the posterior extremity of the body, and at its root are the pair 
of glands, one of which appears in fig. 14, in which the poison 
14 
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is secreted. These glands, communicating by a common duct with 
the groove formed by the junction of the lower parts of the barbed 
sting, send the venomous liquid through that groove into the 
wound. On each dart there are four barbs. When the insect 
intends to sting, one of these piercers having its point a little 
longer, or more in advance than the others, is first darted into the 
flesh, and being flxed there by its barb, the other strikes in also ; 
and they alternately penetrate deeper and deeper, till they acquire 
a firm hold of the flesh with the .barbed hooks, and then follows 
the sheath, enclosing and conveying the poison into the wound. 
The action of the sting thus, as l’aley observed, affords an example 
of the union of chemical and mechanical principles : of chemistry, 
in respect to the venom ; and of mechanism, in the motion into 
the flesh. The machinery would have been comparatively useless, 
had it not been for the chemical process by which in the body of 
the insect honey is converted into poison ; and, on the other hand, 
the poison would have been ineffectual without an instrument to 
wound, and a syringe to inject it. 

In consequence of the barbed form of the sting, and the strong- 
hold it takes on the flesh, the bee can seldom withdraw it, and in 
detaching herself from the part stung she generally leaves behind 
her not only the sting itself, but the venom-bag and a part of her 
intestines. Swammerdam mentions a case in which even the 
stomach of the insect was torn from the abdomen in detaching 
herself, so that in most eases her life is the sacrifice for the grati- 
fication of her vengeance. 

Although the bee, except in certain cases to be mentioned 
hereafter, uses its sting only in defence, or for vengeance, when 
molested, it is sometimes found that it manifests an antipathy to 
particular individuals, whom it attacks and wounds without pro- 
vocation. 

33. The organs of fecundation and reproduction are also con- 
tained in the abdomen. Those of the drone are represented on a 
magnified scale in fig. 15. They correspond in their functions to 
those of the superior animals. 



Fig. 10. — Apparatus of fecundation of the drone. 

The organs of reproduction of the queen, which are objects of 
considerable interest, are shown on a magnified scale in fig. 16. 
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34. We have already stated that the king-consort never sur- 
vives the bridal day. As this does not affect the conjugal fidelity 


Ovaries 


Oviducts \f Oviducts 


- 

Sperm reservoir Ovipositor 


Venom -bug 


Vcuom duct 

Fig. 10. — Ovaries of the queen and their appendages. 


of her majesty, who never allows a successor to her departed 
lord, so neither docs it impose any limit to the posthumous off- 
spring which she bears to him. Small as arc the ovaries, or egg 
organs, which arc shown highly magnified in fig. 16, her majesty, 
according to JIuber, generally produces from them about 12000 
eggs in the short interval of two months, being at the average 
rate of 200 per day. 

Although her majesty does not continue so prolific during the 
remainder of her life, she nevertheless gives birth to a progeny 
enormous in number. The number of eggs deposited by her in 
the cells in the months of April and May is, as above stated, about 
12000. According to Scliiracli, a prolific queen will lay in a 
season — that is, from April to October inclusive — from 70000 to 
100000 eggs. This amazing power of reproduction is not exerted 
uniformly during the season. There are two fits, so to speak, of 
fruitfulness. The first in April and May ; the second, in August 
and September, with an interval of comparative repose in July. 
This immense increase of population, rendering emigration indis- 
pensable, the over-peopled hive sends forth swarm after swarm 
so fast as the young arrive at maturity ; and with each swarm 
one of the princesses goes forth, and is elevated to the throne of 
the new colony, except in the event of the abdication of the queen - 
mother, in which case she emigrates herself, resigning the sove- 
reignty of the hive to one or other of the princesses. 


16 




l'i" 7G. — Ilivinsr a swarm. 

THE BEE. 

ITS CHARACTER ANI> MANNERS. 


CHAPTER II. 

35. This fecundity not anomalous. — 30. Bee architecture. — 37. Social 
condition of a people indicated by their buildings. — 38. This test 
applied to the bee. — 39. Individual and collective habits. — 40. 
Solitary bees. — 41. Structure of their nests. — 42. Situation of nests. 
— 43. Anthidium manicatum. — 44. Expedient for keeping nest 
warm. — 45. Clothier bee. — 40. Carpenter bee. — 47. Mason bee. — 48. 
Expedient to protect the nest. — 49. Upholsterer bee. — 50. Hang- 
ings and carpets of her rooms. — 51. Leaf-cutter bees. — 52. Method 
of making their nest. — 53. Process of cutting the leaves. — 54. Hive- 
l>ee. — 55. Structure of the comb. — 50. Double layer of cells. — 57. 
Pyramidal bases. — 58. Illustrative figures. — 59. Single cells. — do. 
Combination of cells. — 61. Great advantages of hexagonal form. — 62. 
Economy of space and material. — 63. Solidity of structure. — 64. Geome- 
trical problem of the comb solved. — 65. Expedient to secure the sides 
and bases of the cells. 

35. The prodigious fecundity of the queen of the bees is by no 
means an anomaly in the insect world. The female of the white 
ants produces eggs at the rate of one per second, or 3600 per hour, 
or 86400 per day. Now, although this insect certainly dues not 
Lardner’s Mvsisvat of Science. c IT 

No. 1 19. . 
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lay at this rate all the year round, yet, taking the lowest estimate 
of the period of her reproduction, the number of her young will 
probably exceed not only that of the queen bee, but that of any 
other known animal.* 

36. There is nothing in the economy of the bee more truly 
wonderful, nor more calculated to excite our profound veneration 
of the beneficent power, which conferred upon it the faculties 
which guide its conduct, than the measures which it takes for the 
construction of its dwelling, and for those of its young. These 
processes are very various, according to the particular species of 
the insect which executes them, ^ow, most of these species 
differ in the mechanical and architectural principles upon which 
they base the construction of their dwellings, all agreeing, never- 
theless, in this, that they select those principles with admirable 
skill, adapting them in all cases to the situation and circum- 
stances in which their habitations are erected. 

37. If we would form an estimate of the civilisation and intel- 
lectual condition of the population of a newly-discovered country, 
we usually direct our attention, as Kirby observes, to their build- 
ings and other examples of architectural skill. If we find them 
like the wretched inhabitants of Van Diemen’s land, without 
other abodes than natural caverns, or miserable penthouses of 
bark, we at oucc regard them as ignorant and unhumanised. If, 
like the South Sea islanders, they live in houses of timber 
thatched with leaves, and supplied with various utensils, we 
place them much higher in the scale. But when we discover a 
nation inhabiting towns like the ancient Mexicans, consisting of 
stone houses regularly arranged in streets, we do not hesitate to 
pronounce them advanced to a considerable point in civilisation. 

If, moreover, it he found that each building has been con- 
structed upon the most profound mathematical principles, so that 
the materials have been applied under such conditions as ensure 
the greatest degree of strength, combined with the greatest degree 
of lightness ; and that, while the internal apartments display the 
most beautiful symmetry, they also afford the greatest capacity 
which a given amount of materials can admit, w r e at once arrive 
at the conclusion that such a population must have arrived not 
alone at the highest degree of civilisation, but at the highest point 
in the advancement of the sciences. 

38. If we were to affirm that all this may be said with the 
most rigorous truth of many varieties of the bee, and above all of 
the common hive-bee, we might be suspected of being merely 
excited by that enthusiasm so common with those, who devote 

* See Tract on the White Ants. 
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themselves exclusively to one particular pursuit. We must, 
nevertheless, leave the reader to judge how far such a statement 
is chargeable with the exaggeration of enthusiasm, when he shall 
have duly pondered upon all that we shall explain to him in the 
following pages ; and if, perchance, his wonder he raised to the 
point of incredulity, that sentiment will he repressed when he 
remembers, who taught the bee. ! 

39. Bees, like the human race, sometimes exercise their industry 
individually and sometimes collectively. Their habitations also are 
sometimes constructed exclusively for their young, and may he 
called vests rather than dwellings. This is more especially the case 
with solitary insects. In the case of social bees, which live together 
in organised communities, the* habitations are generally adapted as 
well for the members of the colony themselves, as for their progeny. 

40. The operations of those solitary insects, though exhibiting, 
as will presently appear, marvellous skill, are infinitely inferior to 
those of the social bees. We shall, therefore, first notice the 
more simple labours of the) former. 

41. Among the most inartificial structures executed by the 
solitary species, are the habitations of the collet es succinct <e, 
fodiens , &e. The situation chosen in these oases is either a bank 
of dry earth, or the cavities of mud walls. A cylindrical hole 
pierced in a horizontal direction about two inches in length is 
first produced. The bee makes in this three or four tliimble- 
shaped cells, each of which is about a sixth of an inch in diameter 
and half an inch long, fitting one into another like thimbles. The 
materials of these cells is a silky membrane resembling gold- 
beater’s leaf, but much finer, and so very thin and transparent 
that the form and colour of any enclosed object can be seen 
through it. This material is secreted by the insect. When the 
first of these cells is completed, the insect deposits in it an egg and 
fills it with a pasty substance, which is a mixture of pollen and 
honey. When this is done she proceeds to form the second cell, 
inserting its end in the mouth of the first as above described, and 
in like manner lays an egg in it and deposits with it a like store 
of food for the future young. This goes on until the cylindrical 
hole receives three or four cells which nearly fill it. The bee 
then carefully stops up the mouth of the hole with earth. 

42. The situations in which these simple nests are placed are 
very various. They are not only found as above stated in banks 
of earth and mud walls, and the interstices of stone walls, but 
often also in the branches of trees. Thus a series of them was 
found by Grew in the pith of an old elder branch. 

43. Some varieties of the bee, such as the anthidium manicuium , 
dispense with the labour of boring the cylindrical holes above 
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described, and avail themselves of the ready-made cavities of trees, 
or any other object which answers their purpose. Kirby mentions 
the example of nests of this kind found by himself and others, 
constructed in the inside of the lock of a garden-gate. 

44. A proceeding has been ascertained on the part of these 
insects in such cases, which it is extremely difficult to ascribe to 
mere instinct, independent of some intelligence. Wherever the 
nest maybe constructed, the due preservation of the young requires 
that until they attain the perfect state, their temperature should 
be maintained at a certain point. So long as the material sur- 
rounding their nest is a very imperfect conductor of heat, as 
earth or the pith of wood is, the heat developed by the insect, 
being confined, is sufficient to maintain its temperature at the 
requisite point. But if, perchance, the mother-bee select for her 
nest any such locality as that of the lock of a gate, the metal, 
being a good conductor of heat, would speedily dissipate the animal 
heat developed b) r the insect, and thus reduce its temperature to 
a point incompatible with the continuance of its existence. How 
then does the tender mother, foreseeing this, and consequently 
informed by some power of the physical quality peculiar to the 
metal surrounding the nest, provide against it ? How, we may 
ask, would a scientific human architect prevent such an even- 
tuality ? He would seek lor a suitable material which is a non- 
conductor of heat and would surround the nest with it. In fact 
the very thing has occurred in a like case in relation to steam- 
engine boilers. The economy of fuel there rendered it quite as 
necessary to confine the heat developed in the furnace, as it is to 
confine that which is developed in the natural economy of the 
pupa of the bee. The expedient therefore resorted to is to invest 
the boiler in a thick coating of a sort of felt, made for the pur- 
pose, which is almost a non-conductor of heat. A casing of 
sawdust is also used in Cornwall for a like purpose. By these 
expedients the escape of heat from the external surface of the 
boiler is prevented. 

45. The bee keeps its pupa warm by an expedient so exactly 
similar, that we must suppose that she has been guided either by 
her own knowledge, or by a power that commands all knowledge, in 
her operations. She seeks certain woolly leaved plants, such as the 
stachys lanata or the agrostemma coronaria, and with her 
mandibles scrapes off the wool. She rolls this into little balls, 
and carrying it to the nest, sticks it on the external surface by 
means of a plaster, composed of honey and pollen, with which 
she previously coats it. Thus invested, the cells become impervious 
to heat, and consequently all the heat developed by the little 
animal is confined within them. 
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CLOTHIERS — CARPENTERS — MASONS. 

This curious habit of swathing up its pupa in a kind of warm 
blanket has given to these species the name of clothiers . 

46. Another class of bees has acquired the name of carpenters , 
from the manner in which they carve out their nest in wood- 
work. This bee, which is represented in tig. 17, and of which 
the nest is shown in tig. 18, having been already described in our 
Tract on Instinct and Intelligence (72), need not be noticed further 


rig. JT.~ Tlic Carpenter Bee. Fig. IS. — Nest of the Carpenter Bee. 

47. Another class of this insect lias acquired the name o; 
masons , from the circumstance of building their nests of a sort o 
artificial stone. The situation selected is usually a stone wall 
having a southern aspect, and sheltered on either side by some 
angular projection. The situation being decided upon, the mother- 
bee proceeds to collect the materials for the mansion, which consist 
of sand, with some mixture of earth. These she glues together, 
grain by grain, with a cement composed of viscid saliva, which 
she secretes. Having formed this material into little masses, 
like the grains of small shot, she transports them with her 
mandibles to the place where she has laid the foundation of her 
mansion. 

With a number of these masses, united together by an excellent 
cement secreted by her organs, she first lays the foundation of the 
building. She next raises the walls of a cell about ail inch in 
length, and half an inch broad, resembling in form a thimble. 
In this she deposits an egg, fills it with a mixture of pollen and 
honey, in the same manner as described in the former case, and 
after carefully covering it in, proceeds to the erection of a second 
building of the same kind, which she furnishes in the same manner, 
and so continues until she has completed from four to eight. 

These cells are not placed in any regular order ; some are 
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parallel, others perpendicular, and others inclined to tho wall at 
different angles. The whole mass is consolidated by filling up 
the irregular intersticial spaces between the cells, with the same 
material as that of which the walls are built. After this has- 
been accomplished, the whole is covered up with coarser grains- 
of sand. 

The nest when thus finished resembles a mass of solid stone, so 
hard as to be cut with much difficulty by a knife. Its form is an 
irregular oblong, and to a casual observer presents the appearance 
of a mere splash of mud rather than that of a regular structure. 

The insects are sometimes so sparing of their labour, that they 
avail themselves of old nests when they can find them, and often 
have desperate combats to seize and retain possession of them. 

48. It might be imagined that nests so solidly constructed would 
afford perfect protection to the young from its enemies ; such is 
nevertheless not found to be the case. The ichneumon and the 
beetle both contrive occasionally to deposit their eggs in the cells, 
the larva? of which never fail to devour their inhabitants. 

Different varieties of the masons select different situations and 
materials for their nests. Some use fine earth, which they make 
into mortar with gluten. Others mix sandy earth witli chalk. 
Some construct their nests in chalk -pits, others in the cavities ot 
large stones, while others bore holes for them in rotten wood. 
Wherever placed they endeavour to conceal them, by plastering or 
covering them with some material different from that of which 
the nest is constructed. Thus one species surrounds its nest with 
oak-leaves glued to its surface. M. Goureau mentions the case of 
a bee that employed an entire day, in arranging blades of grass 
about two inches long, in the form of the top of a tent over the 
mouth of its nest. A case of this sort was also observed by Mr. 
Thwaites, who saw a female for a considerable time collecting small 
blades of grass, which she laid over the empty shell of a snail in 
which she had located her nest. 

49. The name of upholsterers has been given by Kirby to certain 
species of bees, who, having excavated their nest in the earth, 
hang its walls with a splendid coating of flowers and leaves. One 
of the most interesting of these varieties is the meyachile 
papaveris, which has been described by lteaumur. It chooses 
invariably for the hangings of its apartments the most brilliant 
scarlet, selecting as its material the petals of the wild poppy, 
which the insect dexterously cuts into the proper form. 

’ 50. Her first process is to excavate in some pathway a burrow 
cylindrical at the entrance, but enlarged as it descends, the depth 
being about three inches. After having polished the walls, she 
next flies to a neighbouring field, where she cuts out the oval 
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parts of the poppy blossoms, and seizing them between her hind 
legs returns with them to her cell. Sometimes it happens that 
the flower from which she cuts these, being but half blown, 
has a wrinkled petal. In that case she spreads out the folds, and 
smoothes away the wrinkles, and if she finds that the pieces are 
too large to fit the vacant spaces on the walls of her little room, 
she soon reduces them to suitable dimensions, by cutting off all 
the superfluous parts with her mandibles. In hanging the walls 
with this brilliant tapestry she begins at the bottom, and 
gradually ascends to the roof. She carpets in the same manner 
the surface of the ground round the margin of the orifice. The 
floor is rendered warm sometimes by three or four layers of 
carpeting, but never lias less than two. 

Our little upholsterer having thus completed the hangings of 
her apartment, fills it with a mixture of pollen and honey to the 
height of about half an inch. She then lays an egg in it, and 
wraps over the poppy lining, so that even the roof may be fur- 
nished with this material. Having accomplished this she closes 
the mouth of the nest/ 

51. It is not every insect of this class which manifests the same 
showy taste in the colours of their furniture. The species called 
leaf-cutters hang their walls in the same way, not with the 
blossoms but the leaves of trees, and more particularly those of 
the rose-tree. They differ also from the upholsterer, described 
above, in the external structure of their nests, which are formed 
in much longer cylindrical holes, and consist of a series of 
thimble-shaped cells, composed 01 leaves most curiousl) r convo- 
luted. We are indebted likewise to Reaumur for a description of 
the labours of these. 

52. The mother first excavates a cylindrical hole in a horizontal 
direction eight or ten inches long, either in the ground or in the 
trunk of a rotten tree, or an)' other decaying wood. She fills this 
hole with six or seven thimble-shaped cells, composed of cut 
leaves, the convex end of each fitting into the open end of the 
other. Her first process is to form the external coating, which is 
composed of three or four pieces of larger dimensions than the 
rest, and of an oval form. The second coating consists of portions 
of equal size, narrow at one end, but gradually widening towards 
the other, where the width equals half the length. One side of 
these pieces is the serrated edge of the leaf from which it w T as 
taken, which, as the pieces lap over each other, is kept on the 
outside, the edge which was cut being within. 

The little animal next forms a third coating of similar material, 


Reaumur, vi. 139 to 14S. 
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the middle of which, as the most skilful workman would do in a 
like case, she places over the margins of those that form the first 
side, thus covering and strengthening the junctions by the expe- 
dient which mechanics call a break-joint. Continuing the same 
process she gives a fourth and sometimes a fifth coating to her 
nest, taking care at the closed end or narrow extremity of the 
cell, to bend the leaves so as to form a convex termination. 

After thus completing each cell, she proceeds to fill it to within 
the twentieth of an inch of the orifice with a rose-coloured sweet- 
meat made of the pollen collected from thistle blossoms mixed 
with honey. Upon this she lays her egg, and then closes the 
orifice with three pieces of leaf, one placed upon the other, con- 
centrical and also so exactly circular in form, that no compasses 
could describe that geometrical figure with more precision. In 
their magnitude also they correspond with the walls of the cell with 
such a degree of precision, that they are retained in their situation 
merely by the nicety of their adaptation. 

The covering of the cell thus adapted to it being concave, 
corresponds exactly with the convex end of the cell which is to 
succeed it, and in this manner the little insect prosecutes her 
maternal labours, until she lias constructed all the cells, six or 
seven in number, necessary to fill the cylindrical hole. 

53. The process which one of these bees employs in cutting the 
pieces of leaf that compose her nest, is worthy of attention. 
Nothing can l>e more expeditious, and she is not longer about it 
than one would be in cutting similar pieces with a pair of scissors. 
After hovering for some moments over a rose-bush, as it were to 
reconnoitre the ground, the bee alights upon the leaf which she 
has selected, usually taking her station upon its edge, so that its 
margin shall pass between her legs. She then cuts with her 
mandibles, without intermission, in such a direction as to detach 
from the leaf a triangular piece. When this hangs by the last 
fibre, lest its weight should carry her to the ground, she spreads 
ber little wings for flight, and the very moment the connection of 
the part thus cut off with the leaf is broken, she carries it off in 
triumph to her nest, the detached portion remaining bent between 
her legs in a direction perpendicular to her body. Thus, without 
rule or compass, do these little creatures measure out the material 
of their work into ovals, or circles, or other pieces of suitable 
shapes, accurately accommodating the dimensions of the several 
pieces of these figures to each other. Wlnit other architect could 
carry impressed upon the tablet of his memory such details of the 
edifice which he has to erect, and destitute of square or plumb- 
line, cut out his materials in their exact dimensions without 
making a single mistake or requiring a single subsequent correc- 
24 



STRUCTURE OP T1IE HONEY-COMB. 

tion? Yet this is what tlic little bee invariably does. So far are 
human art and reason surpassed by that instruction which the 
insect receives from its Divine Creator.* 

54. But of all the varieties of this insect, that of which the 
architectural and mechanical skill is transcendently the most admi- 
rable, is the hive-bee . The most profound philosopher, says Kirby, 
equally with the most incurious of mortals, is filled with astonish- 
ment at the view of the interior of a bee-hive. He beholds there 
a miniature city. He sees regular streets, disposed in parallel 
directions, and consisting of houses constructed upon the most 
exact geometrical principles, and of the most symmetrical forms. 
These buildings arc appropriated to various purposes. Some are 
warehouses in which provisions are stored in enormous quantities. 
Some are the dwellings of the citizens, and a few of the most 
spacious and magnificent are royal palaces. He finds that the 
material of which this city is built, is one which man with all 
his skill and science cannot fabricate, and that the edifices which 
it is employed to form are such that the most eon sum mate engineer 
could not reproduce, much less originate ; and yet this wondrous 
production of art and skill is the result of the labour of a society 
of insects so minute, that hundreds of thousands of them do not 
contain as much ponderable matter, as would enter into the com- 
position of the body of a man. (lit vl ablme mix yeax da saye 
qidnne ruche d'abeilfcs ! (facile nay esse profonde sc cache dans 
ect abime ! Quel jdutosojihe ostra (e sunder! Nor has the problem 
thus solved by the bee, yet been satisfactorily expounded bv 
philosophers. Its mysteries have not yet been fathomed. In all 
ages naturalists and mathematicians have been engrossed by it, 
from Aristomachus of Soli and Rhiliscus the Thracian, already 
mentioned, to Swammerdam, Reaumur, Hunter, and Huber of 
modern times. Nevertheless the honey-comb is still a miracle 
which overwhelms our faculties, f 

55. A honey-comb, when examined, is found to be a flatfish 
cake with surfaces sensibly parallel, each surface being reticulated 
with hexagonal forms of the utmost regularity. No geometrician 
could describe the regular hexagon with greater precision than is 
here exhibited. 

It is proved in geometry that there are only three regular 
figures, which, being joined together at their corners, will so fit 
each other as to leave no unoccupied spaces between them. These 
figures are the square, the equilateral triangle, and the regular 
hexagon. Four squares united by one of their angles will fill all 

* Reaumur, vi. 971 ; Kirby, lilt., i. 377. 
t Kirby, i. 410. 
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the surrounding space, and any number of squares may thus be 
combined so as to cover a surface like a mosaic pavement without 
leaving any intermediate unoccupied spaces. 

In like manner six equilateral triangles will have a like pro- 
perty, and in fine, three regular hexagons being similarly united 
at one of their corners, will in like manner completely occupy the 
surrounding space. 

Since no other regular geometrical figure possesses this property, 
it follows that a regular mosaic pavement must necessarily be 
composed of one or other of these figures. 

Fig. 1 9 represents such a pavement composed of squares ; and 
fig. 20, one composed of equilateral triangles ; and in fine, 
fig. 21, one composed of regular hexagons. 


Fig. 19. 
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The angles, in fig. 1 9, are 90 J ; those in fig. 20, are 60° ; and 
those in fig. 21, 120^. Ho other angles save these, therefore, 
could be used in any regular pavement of this kind without 
leaving intersticial uncovered spaces. 

How it will be at once perceived that the form presented by the 
surface of a honey- comb is that of an hexagonal pavement. We 
shall presently see why the bee has selected this in preference to 
either of the other possible forms. 
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56. On further examining the comb, it will be found that the 
hexagonal spaces presented by its surface are the mouths of so 

Fig. 20. 



many hexagonal tubes which arc filled with honey. If any of 
those be empty, it will be seen that the depth of these tubes is 
half the thickness of the comb. 

57. It appears therefore that the honey-comb is a combination 
of hexagonal tubes, placed in juxtaposition, the angles of the 
hexagon being fitted into each other like the stones of a mosaic 
pavement ; that there are two systems of such tubes, meeting in 
the middle of the thickness of the comb, their mouths being pre- 
sented outwards on both sides, and consequently their bases 
resting against each other. 

If by the dissection of the comb, the forms of their bases be 
examined, they will be found to consist, not as might be at first 
supposed of plane regular hexagons, which would be the case if 
they were plane surfaces at right angles to the tube ; they will 
be found, on the other hand, to have the form of pyramids, each of 
which is composed of three regular lozenges united togethci at 
their edges, so as to form an apex ; this apex being pointed rlways 
towards the opposite side of the comb. The pyramidal base is 
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thus a geometrical figure, having as much regularity as the 
hexagonal tube, of which it forms the termination, but constructed 

Fig. 21. 



on a totally different principle. The angles of the lozenges, 
which form its sides, are one obtuse and the other acute ; and these 
pyramidal bases of the cells, oil one side of the comb, fit into 
corresponding cavities, made by the similar pyramidal bases of the 
cells, on the other side of the comb, so as to leave no intermediate 
unoccupied space. 

58. Without the aid of perspective figures, and even with such 
aid, without some effort of imagination on the part of the reader, 
it would be impossible to convey a clear notion of this part of the 
structure of the honey-comb, and yet without such a clear notion 
it would be totally impossible to appreciate the admirable results 
of bee industry. We have, therefore, attempted to represent in 
figs. 22 and 23, the bases of four contiguous cells seen from the 
inside and from the outside. In fig. 22 is presented an inside view 
of the bases of three adjacent cells, a a a. It must be observed that 
a a a are here intended to represent angular cavities, each formed 
by the junction of three lozenge-shaped planes, such as have been 
just described. Now it will be seen, that as a necessary consequence 
of this juxtaposition, a figure will be formed at 5, by three lozenge - 
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shaped planes, one belonging to each of the three bases, a a a, 
and that this, instead of being hollow on the side presented to 

Fig. 22. Fig. 2:}. Fig. 24 . Fig. 2. r >. 



the eye, will be hollow on the opposite side, which is turned from 
the eye, and will there form an angular cavity precisely similar 
and equal to the cavities a a a , which are turned towards the eye. 
Now this cavity, which is thus turned to the opposite side, is the 
base of one of the cells on the other side of the comb. In fig. 23 
we have presented a view of the combination as it would be seen 
on the other side. In this ease, the angular cavity darkly shaded 
in the middle of the figure, is the angular projection, &, in fig. 22, 
seen on the other side ; and the three angular projections which 
surround it, jutting forward towards the eye, are the three angular 
bases, a a a, fig. 22, seen on the other side. 

59. A perspective view' of a single hexagonal tube or cell, with 
its pyramidal base, is shown in tig. 24. 

The manner in which the hexagonal cells are united base to 
base to form the comb, is shown in perspective in tig. 25, where a 
is the open mouth of the tube, and b c the lozenge-shaped planes, 
forming the bases of the opposite tubes. The same is shown in 
section in tig. 2(J. 



00. Several hexagonal cells are shown in their natural juxta- 
position, placed base to base, as they form the comb, in tig. 27, 
and a perspective view of their pyramidal bases is given in fig. 28. 

Nothing can be more surprising than this production of such an 
insect, when regarded as a piece of scientific engineering. The 
substance w r hich comprises it being one secreted by the bees in 
limited quantity, it was of the greatest importance in its use, that 
a material so scarce should be applied so as to produce the 
greatest possible result, with the smallest possible quantity of the 
material. The problem, therefore, which the bee had to solve 
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was, with a given quantity of wax, to construct a combination of 
similar and equal cells of the greatest aggregate capacity, and such 
as to occupy the available space in tlic hive to the greatest possible 
advantage. The form and magnitude of the cells must neces- 
sarily have been adapted to those of the bee itself, because these 
cells are intended to be the nests in which the eggs are laid and 
hatched, and the young bee raised to its state of maturity. 

The body of the bee being oblong, and measuring about 
six-tenths of an inch in length by two- tenths in diameter, cylin- 
drical tubes of corresponding dimensions would have answered 
the purpose ; but such tubes could not he united together in 
juxtaposition without either a great waste of wax or great defi- 
ciency of strength, since, when placed in contiguity, they would 
leave between them empty spaces of considerable magnitude, 
which, if left unoccupied, would render the structure weak, and if 
tilled with wax, would have the double disadvantage of giving 
needless and injurious weight to the comb, and involving the 
waste of a quantity of a scarce and precious material, greater than 
all that would be necessary to form the really useful part of the 
comb. 

61. From what has been explained it will he understood that, to 
form a combination of tubular cells without interstices, the 
choice of the bee was necessarily limited to the three figures 
already mentioned — the equilateral triangle, the square, and the 
regular hexagon. The equilateral triangle would be attended 
with the disadvantage of a great waste of both space and material; 
for if its dimensions were sufficient to afford easy room to the 
body of the bee, a large space would be wasted at each of the 
angles, towards which the body of the bee could never approach. 

A like disadvantage, though less in degree, would have attended 
square tubes. The bee, therefore, with the instinct of an engineer, 
decided on the third form, of the regular hexagon, which at once 
fulfilled the conditions of a sufficiently near adaptation to the 
form of its own body, and the advantage of such a combination 
as would leave neither waste space nor loss of material. 

62. In the structure of the comb there is still another point 
worthy of attention. It might naturally have been expected 
that it would he composed of a single layer of cells, one side pre- 
senting the mouth, and the other the pyramidal base ; but if this 
had been the course adopted, the side consisting of the pyramidal 
bases would be an extensive surface, upon which the industry of 
the bee would have no occupation, and the space in the hive to 
which such surface would be presented would, therefore, be so 
much space wasted. Instead, therefore, of constructing the 
comb of a single layer of cells, the bees judiciously make it of a 
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double layer, the pyramidal bases of each layer being placed in 
contact with each other. 

It might also have been expected that these bases would have 
received the most simple form of plane surfaces, so that the side 
of each layer occupied by them would be a uniform plane ; and 
these planes resting in contact would form the comb ; but to this 
there would be several objections. In the first place, the capacity 
of the comb would be less ; the bases of the cells, placed in contact, 
would be liable to slip one upon the other ; and if the cells had a 
common base, they would have less strength ; but independently 
of this, the bee itself tapers towards its posterior extremity, and a 
cell with a flat bottom having no corresponding tapering form 
would be little adapted to its shape, and would involve a con- 
sequent waste of space. The bee avoids this disadvantage by 
giving the bottom of the cell the shape of a hollow angular 
pyramid, into the depth of which the tapering posterior extremity 
of the insect enters. 

03. There is another advantage in this arrangement which 
must not be overlooked. The pyramidal bases of each layer of 
cells, placed in juxtaposition by reciprocally fitting each other, so 
that the angular projections of each arc received into the angular 
cavities of the other, arc effective means of resisting all lateral 
displacement. 

64. Pyramidal bases, however, might have been given to the 
cells in a great variety of ways, which would have equally served 
the purposes here indicated ; but it was essential, on grounds of 
economy, that that form should be selected which would give 
the greatest possible capacity with the least possible material. On 
examining curiously the form of flic lozenges composing the pyra- 
midal bases of the cells, Maraldi found by accurate measurement 
that their acute angle measured 70° 32', and consequently their 
obtuse angle 109° 28'. Magnitudes so singular as these, invariably 
reproduced in all the regular cells, could scarcely be imagined to 
have been adopted by these little engineers without a special pur- 
pose, and Reaumur accordingly conjectured that the object must 
have been the economy of wax. 

Not being himself a mathematician sufficiently profound to 
solve a problem of this order, he submitted to M. Koenig, an 
eminent geometer of that day, the general problem to determine 
the form which ought to be given to the pyramidal bottom of an 
hexagonal prism, such as those constituting the cones, so that with 
a given capacity, the least possible material would be necessary 
for the construction. The problem was one requiring for its solu- 
tion the highest resources to which analytical science had then 
attained. Its solution, however, was obtained, from which it 
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appeared that the proper angles for the lozenges would he 70° 34' 
for the acute, and consequently 109® 26' for the obtuse angle. 
Here are then in juxtaposition the result of the labours of the 
geometer and the bee. 





1 ACUTE ANGLE. 

OBTUSE ANGLE. 

Geometer 



70° 34' 

109° 26' 1 

Bee . 


. . . 

70° 32' 

] 09° 28' | 


We leave the reader to enjoj r the contemplation of these num- 
bers without one word more of comment. 

65. “Besides the saving of wax effected by the form of the 
cells, the bees adopt another economical plan suited to the same 
end. They compose the bottoms and sides of wax of very great 
tenuity, not thicker than a sheet of writing-paper ; but as walls of 
this thickness at the entrance would be perpetually injured by the 
ingress and egress of the workers, they prudently make the margin 
at the opening of each cell three or four times thicker than the 
walls. Dr. Barela} 1, discovered that though of such excessive 
tenuity, the sides and bottom of each cell are actually double, or 
in other words, that each cell is distinct, separate, and in some 
measure an independent structure, agglutinated only to the 
neighbouring cells ; and that when the agglutinating substance 
is destroyed, each cell may be entirely separated from the rest. 
This, however, has been denied by Mr. Waterhouse, and seems 
inconsistent with the account given by Huber, hereafter detailed; 
but Mr. G. Is T e wport asserts, that even the virgin-cells are lined 
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CHAPTER ITT. 

06. Drone cells and worker cells. — <>7. Store cells. — 08. Construction 
oi' combs. — 09. Wax-makers also produce honey. — 70. First 
operation of the wax-makers. — 71. Pioeess of the foundress. — 
72. Kneading tlie wax.--- 7*5. Formation of first wall. — 74. Correction 
of mistakes. — 75. Dimensions of first wall. — 7b. Operations of the 
nurses.— 77. Bases of cells. — 7S. Wax-makers resume their work. 
— Completion of pyramidal bases. — 79. Pyramidal partition. — 80. 
Formation of cells. — 81-8*2. Arrangement of combs. — S3. Sides not 
parallel. — 84. Process not merely mechanical. — S5-S0. Process of 
construction. — 87. Labour successive. — 88. Dimensions of cells. — 
89. Their number.- — 90. Bee-bread. — 91. Tap for young. — 92. Food 
adapted to age. — 93. Transformation. — 94. Humble-bees — females. 
— 95. Their nursing workers. — 9(1. Transformation. — 97. How the 
temperature of the cocoons is maintained. — 98. Anecdote related by 
Huber.- — 99. Remarkable care of the nurses. — 100. Heat evolved in 

respiration by the hive-bee 101. Cross alleys connecting the streets. 

— 102. First laying of the queen in Spring. — 103. Her royal suite. — 
104. The eggs. 

66. Since the population of the hive is composed, as already 
explained, of different classes of individuals having different 
stature, and since one of the purposes of the cells is to he their 
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abode from the time they issue from the egg until they attain 
maturity, it follows that the capacity of the cells, or such of them as 
are thus appropriated, must be subject to a corresponding difference. 
The cells of the workers will therefore be less in magnitude than 
those of the drones, and these last much less than the royal cells. 
The comb therefore consists of different parts reticulated by 
hexagons of different magnitudes, the smaller ones being the 
mouths of the cells appropriated to the workers, and the larger 
those of the cradles of the drones. As to the royal cells they differ 
altogether from the others, not only in capacity, but also in position 
and form. As already explained, the general forms of the cells 
are hexagonal tubes, with pyramidal bases, and open mouths 
ranged horizontally, their axes being at right angles to the flat 
sides of the comb. The comb itself is placed vertically in the 
hive, and the royal cells which are large and pear-shaped are 
cemented to its lower edges, hanging from it vertically like stalac- 
tites from the roof of a cavern. Although there be but one queen 
in each hive, she produces, nevertheless, three or four or more, 
and sometimes even as many as thirty or forty royal eggs. The 
princesses which issue from these, are destined to be the queens of 
the successive swarms which the hive sends forth. 

67. The cells which are appropriated exclusively to the storage 
of honey and pollen, arc similar in form and position to those 
appropriated to the young drones and workers, but are greater in 
length, and this length the bees vary according to the exigencies 
of their store of provisions. If more of these result from their 
labours than the cells constructed can contain, and there is not 
time or space for the construction of more cells, they lengthen 
the honey-cells already made by cementing a rim upon them. 
They sometimes also use for storage, cells which have already been 
occupied by young drones or workers, which, having attained their 
state of maturity, have vacated them. 

68. Having thus explained in general the forms and structures 
of the cells, we shall briefly explain the operation by which the 
bees construct them, and by their combination form the combs. 

The material of the combs is wax , a substance secreted beneath 
the ventral segments of the bodies of that class of the workers 
which, from this circumstance, has received the name of wax- 
makers. The apparatus by which the material which ultimately 
acquires the character of wax is secreted, consists of .four pairs of 
membranous bags, called wax -pockets, which are situated at the 
base of each segment of the body, one on each side, and which 
in the natural condition of the body, are concealed by the seg- 
ments overlapping each other. They can, however, be rendered 
visible by drawing out the body longitudinally, so that the part 
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of each segment covered by the preceding one shall be disclose 
(fig. 29). 

In these pockets the substance to be ultimately converted into 
wax is secreted from the food taken into the stomach, which, 
transpiring from thence through the membrane of 
the wax-pocket, is formed there in thin lamina?. 

The stomach and its appendages which are en- 
dowed with these functions, though much less 
capacious in the nurses than in the wax-makers, 
is not altogether absent ; and the nurses have a 
certain limited power of secreting wax. In them 
the wax-making function, however, seems to exist 
in little more than a rudimentary state. 

69. Although the chief duty of the wax-makers 
is that from which they have taken their names, they are also 
capable of producing honey, and when the hive is abundantly 
furnished with combs, they accordingly change the object of their 
industry and produce honey instead of wax. 

70. When a comb is about to be constructed, the operation is 
commenced by the wax-makers, who, having taken a due portion 
of honey or sugar, from either of which wax can be elaborated, 

Fig. 30. suspend themselves one to ano- 

ther — the claws of the fore-legs 
of the lowermost being attached 
to those of the hind-legs of the 
next above them, so that they 
form a cluster, the external sur- 
face of which presents the appear- 
ance of a fringed curtain (fig. 30). 
After having remained in this 
state unmoved for about twenty- 
four hours, during which period 
the material of the wax is secreted, the thin lamina> into which it is 
formed may generally be perceived under the abdomen. 

A single bee is now seen to separate itself from the cluster and 
to pass from among its companions to the roof of the hive, where 
by turning itself round, it clears a circular space for its work, 
about an inch in diameter. Having done this, it proceeds to laj* 
the foundation of a comb in the following manner, if one may be 
permitted to apply the word foundation to the top of a suspended 
structure. 

71. The foundress bee, as this individual is called, commences 
its work by seizing with one of its hind feet a plate of wax, 
or rather of the material out of which wax is to be constituted, 
from between the segments of its abdomen. The insect is 
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represented in this act in fig. 31. Having fixed a secure hold on 
the lamina, it carries it by its feet from the abdomen to its mouth, 
where it is taken by one of the fore-legs which holds it vertically 
while the tongue rolled up serves for a support, and by raising 
and depressing at will, causes the whole circumferenoe to be 
brought successively under the action of the mandibles (fig. 32), 
bo that the margin is soon ground into pieces. These pieces fall 
gradually as they are detached in the double cavity of the 
mandibles which are bordered with hair. 


Fig. 31. Fig. 32. 



The mandibles or jaws which execute this process open in a 
horizontal, instead of a vertical, direction as in the case of the 
superior animals, and have a form resembling that of a pair of 
shears or scissors. 

72. The fragments of the lamince thus divided falling on either 
side of the mouth, and pressed together into a compact mass, 
issue from it in the form of a very narrow ribbon. This ribbon 
is then presented to the tongue by which it is impregnated with 
a frothy liquor, which has the same effect upon it as water has 
on potter’s earth in the formation of porcelain paste. That this 
process, by which the raw material of the wax is worked and 
kneaded, is an extremely elaborate and artificial one, is rendered 
apparent by observing carefully the manoeuvres of the bee’s tongue 
in the process. Sometimes that organ assumes the form of a 
spatula, or apothecary’s knife, sometimes it takes the form of a 
mason’s trowel, and sometimes that of a pencil tapering to a point, 
never ceasing to work upon the ribbon which is being evolved 
from the mouth in these several forms. 

After the ribbon has been thus thoroughly impregnated with 
moisture, and carefully kneaded, the tongue again pushes it 
between the mandibles, but in a contrary direction to that in which 
it previously passed, when the whole is worked up anew. 

The substance is now converted into true w r ax, the characteristic 
properties of which it has acquired in this process. The material 
evolved in laminae from the segments of the abdomen is brittle 
and friable, and would be as unfit for the structure of the comb 
as dry potter’s earth would be for the formation of a vase. The 
liquid secreted from the mouth., with which it has been impreg- 
36 



73. The pieces of wax thus elaborated the insect applies against 
the roof of the hive, arranging them with her mandibles in the 
intended direction of the comb. She continues thus until she 
has in this way applied the wax produced from the entire lamina), 
when she takes in like manner another from her abdomen, treat- 
ing it in the same way. After thus heaping together all the wax 
which her organs have secreted, and causing it to adhere by its 
proper tenacity to the vaults of the hive, she withdraws from her 
work and is succeeded by another labourer who continues the 
same operations, who is followed in a like manner by a third and 
fourth, and so on, all disposing the produce of their labour in the 
direction lirst intended to be given to the comb. 

74. Nevertheless it would seem that the curious facility by 
which these proceedings arc directed is not altogether unerring, for 
it happens by chance now and then that one of the workers will 
commit a mistake by placing the wax in the wrong direction. In 
such cases, the worker which succeeds never fails to rectify the 
error, .removing the materials which are wrongly placed, and 
disposing them in tin? proper direction. 

75. The result of all these opera ^ ms of the wax-makers is the 
construction of a rough wall of wax about half an inch long, a 
sixth of an inch high, and the twenty-fourth of an inch thick, 
which hangs vertically from the roof of the hive. In the first 
rough work there is no angle nor the least indication of the 
form of the cells. It is a mere straight and plain vertical parti- 
tion of wax, roughly made, about the twenty-fourth of an inch 
thick, and such as can only be regarded as the foundation of a 
comb. 

76. The duty of the wax-makers terminating here, they are 
succeeded by the nurses , who are the genuine artisans ; standing 
in relation to the wax -makers in the same manner as, in the con- 
struction of a building, the masons who work up the materials into 
the form of the intended structure would to the common labourers. 
One of the nurses commences its operation by placing itself hori- 
zontally on the roof of the hive, with its head presented to the 
wall of wax constructed by the wax-makers. This wall or 
partition is intended to be converted into the system of pyramidal 
bases of the cells already described, and accordingly tlm first 
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labour of the nurses is directed to accomplish this change. Their 
first operation, therefore, is to mould on that side of the wall to 
which its head is directed, a pyramidal cavity having the form of 
the base of one of the intended cells. When it has laboured for 
some minutes thus, it departs and is succeeded by another, who 
continues the work, deepening the cavity and increasing its lateral 
margins by heaping up the wax on either side by means of its 
teeth and fore-feet, so as to give the sides a more regular form. 
More than twenty nurses succeed each other in this operation. 

77. It must be remembered that during this process, nothing 
has been done on the other side of the partition, but when the 
cell just described has attained a certain length, other nurses 
approach the opposite side of the partition and commence the 
formation of the pjTamidal base of two cells corresponding in 
position with that just described, and these in like manner prose- 
cute their labours, constantly relieving each other. 

78. While the nurses arc thus employed in converting the rough 
partition into the pyramidal bases of cells, and in forming the 
hexagonal tubes corresponding to these pyramidal bases, the wax- 
makers return and, resuming their labour, increase the magnitude 
of the partition in every direction, the nurses meanwhile still 
prosecuting their operations. 

After having worked the pyramidal bases of the cells of one 
row into their proper forms, they polish them and give them a 
high finish, while others arc engaged in laying out the next 
series. 

79. In fig. 33, is represented one of the faces of such a partition 

Fig. 33. Fig. 34. 



as"! is here described, after it has been formed into a continuous 
system"of pyramidal bases. These are intended to represent the 
bases of the cells of the workers. A similar piece showing the 
bases of the cells of the drones is represented in fig. 34. 

80. The cells themselves, consisting, as already explained, of 
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hexagonal prismatic tubes, are the next objects of the industry 
and skill of the nurses. These are cemented on the borders of the 
pyramidal cavities shown in figs. 2G and 27. 

81. The surfaces represented in figs. 33 and 34 having a contour 
very unequal, the edges of the pyramidal cavities being inclined to 
each other, so as to form angles alternately salient and re-entrant, 
the first work of the bees is to form those parts of the prismatic sides 
of the cells which are necessary to fill up the re-entrant angles of 
the contours of the pyramidal bases. When this has been accom- 
plished, the contours of all the hexagonal divisions extended over 
the surface of the partition, represented in figs. 33 and 34, are 
brought to a common level, and from that point the labour of the 
little artificers becomes more simple, consisting of the construction 
of the oblong rectangles which form the remainder of the six sides 
of each cell. 

82. It must nevertheless be remarked, that the first row of 
cells, being necessarily attached to the roof of the hive, and not 
at its upper edge connected like the other rows with other similar 
cells, has an exceptional form, these being not hexagonal, but 
pentagonal ; two of the sides of the ordinary cells being replaced 
by the roof of the hive, as shown in figs. 33 and 34. A corre- 
sponding exceptional form is of course also given to the bases of 
the first row of cells. 

The combs constructed in this manner are ranged in vertical 
planes parallel one to the other in the hive, as shown in per- 
spective in fig. 3d, in vertical section in fig. 3(5, and in horizontal 
Fig. 35. Fig. 30. 



section in fig. 37. They are not always ranged strictly in single 
parallel lines ; but are sometimes bent at an angle, as shown in 
fig. 37. 

An end view of a comb, showing the mouths of the cells fore- 
shadowed by perspective, is represented in fig. 38. 

83. The fiat sides of a comb are not strictly parallel, but 
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generally slightly inclined one to the other, so that the thickness 
gradually diminishes from top to bottom, as shown in the vertical 
section, lig. 36. This gradation of thickness is continued to a 

Fig. 37. Fig. 3S. 



certain point, while the width of the comb is continually aug- 
mented ; but so soon as the workers obtain sufficient space to 
lengthen it, it begins to lose this form, and the surfaces become 
sensibly parallel. 

84. A certain class of naturalists, who have directed their at- 
tention to the history of this insect, appear to have taken a 
pleasure in forming hypotheses, by which it would be reduced to 
a mere machine. Thus, according to them, the formation of the 
various parts of the comb -would result from a mere mechanical 
necessity, the organs of the insect being supposed to be so formed 
that the different parts of the cells would receive their forms by a 
mechanical process, as in certain operations in the arts the most 
exact geometrical forms are imparted to materials by punches and 
dies expressly made for the purpose. 

Between such expedients and the organs of this admirable 
insect, there is, however, not the remotest analogy. 

The mechanical instruments with which they work are the 
feet, the mandibles, and the tongue, the operations of which are 
guided by the antenna;, which are feelers of exquisite sensibility. 
They do not remove in their operations a single particle of wax, 
until the surface to be sculptured has been carefully explored by 
the antenna;. These organs are so liexible and so easily applied 
to all parts, however delicate, of their workmanship, that they 
are capable of performing the offices of square and compass, 
measuring the minutest parts with the utmost precision, so as to 
guide the work in the dark, and produce with unerring precision 
that wondrous structure called the comb. 

8o. It is impossible to behold a dissected comb without per- 
ceiving the geometrical necessity which connects one part with 
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another. In the formation of such a structure, chance can have 
no share. The original mass of wax is augmented by the labour 
of the wax-makers in the exact quantity which is necessary ; and 
these wax-makers, who thus are constantly on the watch to 
observe the progress of the comb, so as to keep the artificer-bees 
constantly supplied with the necessary quantity of raw material, 
are themselves utterly destitute of the art and science necessary to 
construct the cells. 

86. The bees never commence the construction of two contiguous 
and parallel combs together, for the obvious reason, as it should 
seem, that to make one parallel to and at a given distance from 
another, the actual formation of one must be first accomplished to 
a certain point. They therefore begin by the middle comb ; and 
when that has been constructed to a certain depth, measured from 
the top of the hive, two other combs, parallel to it and at regu- 
lated distances from it at 'cither side, are commenced ; and when 
these again are completed to a certain depth, two others outside 
these are commenced, and so on. This order of proceeding is 
attended with a further advantage by preventing the workers on 
one comb from being inconveniently crowded or obtruded upon 
by those of the adjacent combs. 

87. The labour of the bees is conducted in common, but not 
always simultaneously. Every partial operation is commenced 
by one individual bee, who is succeeded in her labours by others, 
each appearing to act individually in a direction depending on the 
condition in which she finds the work when it falls into her hands. 
The whole band of wax-makers, for example, is in complete 
inaction until one of them goes forth to lay the foundation of a 
comb. Immediately the labours of this one arc succeeded and 
seconded by the others, and, when their part is done, an individual 
nurse-bee goes to lay out the plan of the first cell, and is in like 
manner succeeded continuously by others. 

88. “The diameter of the cells intended for the larvae of the 
workers is alway 2\ lines, and that of those meant for the 
lame of the males or drones lines. The male-cells are gene- 
rally in the middle of the combs, or in their sides; rarely in 
their upper part. They are never insulated, but form a corre- 
sponding group on both sides the comb. When the bees form 
male-cells below those of neuters, they construct many rows of 
intermediate ones, the diameter of which augments progressively 
till it attains that of a male-cell; and they observe the same 
method when they revert from the male-cells to those of workers. 
It appears to be the disposition of the queen which decides the 
kind of cells that are to be made ; while she lays the eggs of 
workers, no male-cells are constructed ; but when she is about to 
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lay the eggs of males, the workers appear to know it, and act 
accordingly. When there is a very largo harvest of honey, the 
hees increase the diameter and even the length of their cells. At 
this time many irregular combs may be seen with cells of twelve, 
fifteen, and even eighteen lines in length. Sometimes, also, they 
have occasion to shorten the cells. When they wish to lengthen an 
•old comb, the sides of which have acquired their full dimensions, 
they gradually diminish the thickness of its edges, gnawing down 
the sides of the cells till it assumes the lenticular form ; they 
then engraft a mass of wax round it, and so proceed with new 
cells.” * 

89 . The number of cells contained in the combs of a well- 
stocked hive is considerable. In a hive twenty inches high and 
fourteen inches diameter, they often amount to forty or fifty 
thousand. A piece of comb, measuring fourteen inches long and 
seven inches wide, containing about 4000 cells, is frequently con- 
structed in twenty-four hours. 

90 . Nothing can be more admirable than the tender solicitude 
and foresight shown by the bee towards its ofispring. Although 
these insects provide a great number of cells, as storehouses, for the 
honey intended for the use of the community, yet the object which 
more exclusively engrosses them is the care of their young, to the 
provision and rearing of which they sacrifice all personal and 
selfish considerations. In a new swarm, accordingly, the first 
care of these insects is to construct cradles for their young, and 
the next, to provide an ample store of a peculiar sort of pap y 
called bee-bread j for their food. 

This bee-bread consists of the pollen of flowers, which the 
workers at this time are incessantly employed in gathering, flying 
from flower to flower, brushing from the stamens their yellow 
treasure, which they collect in the little baskets with which their 
hind-legs are so admirably provided. They then hasten back to 
the hive, where, having deposited the store thus collected, they 
return to seek a new load. 

Another troop of labourers arc in constant attendance in the 
hive to receive the stock of bee-bread thus collected, which they 
•carefully store up until such time as the queen has laid her eggs. 
These eggs she places in an upright position in the bottoms of the 
cells, where they are severally hatched. 

91 . The bee-bread is converted into a sort of pap, or whitish 
jelly, by being swallowed by the bee, in the stomach of which it is 
probably mixed with honey and then regurgitated. 

The moment the young brood issue from the eggs in the state of 
larvrn, they are diligently fed with this jelly by the class of bees 
* Kirby, i. 419. 
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called nurses, who attend them with all the solicitude implied by 
their title, renewing the pap several times a day, as fast as it is 
consumed. 

The curious observer will sec, from time to time, different 
nurses introduce their heads into the cells containing the young. 
If they sec that the stock of pap is not exhausted, they imme- 
diately withdraw and pass on to other cells ; but if they find, on 
the contrary, the provision consumed, they never fail to deposit a 
fresh supply. These nurses go their rounds all day long in rapid 
succession thus surveying the cradles, and never stopping except 
where they find the supply of food nearly exhausted. 

92. That the duty of these tender nurses is one which requires 
the exertion of some skill will be understood, when it is stated 
that the quality of food suitable to the young varies with their age. 
When they first emerge from the egg the jelly must be thin and 
insipid, and, according as they approach to maturity, it requires 
to be more strongly impregnated with the saccharine and acid 
principles. 

Not only does the food of the larva thus require to be varied 
according to its age, but the food to be supplied to different larvce 
is altogether different. The jelly destined for the larva) which 
arc to become queens, is totally different from that prepared for 
those of drones and workers, being easily distinguished by its 
sharp and pungent flavour ; and it is probable, also, that the jelly 
appropriated to the drones differs from that upon which the 
workers are reared. 

These insects, moreover, exhibit as much economy as skill ; 
the quantity of food provided being as accurately proportioned to 
the wants of the young as its quality is to their varying functions. 
So accurately is the supply proportioned to the wants of the larvae, 
that, when they have attained their full growth and are about to 
undergo their final metamorphosis into nymphs, not an atom of 
bee-bread is left unconsumed. 

93. At the epoch of this metamorphosis, when the nymph needs 
seclusion to spin its cocoon, and has no further occasion for food, 
these tender nurses, with admirable foresight, terminate their cares 
by sealing up each cell, enclosing the nymph with a woven lid. 

In all the maternal cares described above, neither the drones nor 
the queen participate. These duties fall exclusively upon the 
workers, and are divided between them, as has been explained, the 
task of collecting the bee-bread being appropriated to one set, and 
that of feeding and tending the young to another. This duty has no 
cessation ; as the queen lays her eggs successively and constantly, 
the young arrive successively at the epoch of their first metamor- 
phosis; and, consequently, so soon as some are sealed up and 
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abandoned by the nurses to spin their cocoons, others issue from 
the egg and demand the same maternal care ; so that these nurses 
spend their whole existence in the discharge of the offices here 
described. 

94. Although the organisation of other species of the bee does 
not approach to the perfection of the hive-bee here described, it is 
nevertheless worthy of attention and study. 

The humble-bees, which so far as respects their social policy, 
compared with the hive-bee, may be regarded as rude and un- 
civilised rustics, exhibit nevertheless marks of affection for their 
young quite as strong as their more polished neighbours. 

Unlike the queen of the hive, the females take a considerable 
share in the education of the young. When one of these provident 
mothers lias constructed with great labour and much skill a com- 
modious woven cell, she furnishes it with a store of pollen moist- 
ened with honey, and, having deposited six or seven eggs in it, 
carefully closes the opening and all the interstices with wax ; but 
her maternal cares do not end here. By a strange instinct, pro- 
bably necessary to restrain an undue increase of the population, 
the workers, while she is laying her eggs, endeavour to seize 
them, and, if they succeed, greedily devour them. Her utmost 
vigilance and activity are scarcely sufficient to save them ; and it 
is only after she has again and again repelled the murderous 
intruders, and pursued them to the furthest verge of the nest, 
that she succeeds in accomplishing her object ; and even when she 
has sealed up the cell containing them, she is obliged to continue 
to guard it for six or eight hours ; since otherwise the gluttonous 
workers would break it open and devour the eggs. The mother is 
conscious, however, by a heaven -inspired knowledge, of the time 
when the eggs will cease to excite the appetites of the depredators. 

After this the cells remain unmolested until the larva issues 
from the eggs. The maternal cares having there ceased, the 
workers, before so eager to devour the eggs, now assume the 
character of nurses. They know the precise hour when the larva? 
will have consumed the stock of food, provided for them by 
maternal care, and from that time to the period of their maturity 
these nurses continually feed them with honey or pollen, introduced 
in their proboscis through a small hole in the cover of the cell 
opened for the purpose, and then carefully closed. 

95. These nursing- workers also perform another duty of a most 
curious and interesting description. As the larva increases in 
size, the cell, which has been appropriated to it, becomes too small 
for its body, and in its exertions to obtain room it splits the thin 
woven walls which confine it. The workers, who are constantly 
on the watch for this, lose no time in repairing the breach, which 
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they patch up with wax as often as the fracture takes place, so 
that in this way the cell increases in size until the larva arrives 
at maturity. 

96. As in the case of the hive-bee already described, the larva 
after the first metamorphosis, is shut up in the enlarged cell to 
spin its cocoon. When this labour has been completed, and that 
the perfect insect is about to issue, the workers still discharging 
the duty of tender foster-parents, set about to assist the little 
prisoner in cutting open the cocoon, from which it emerges in its 
perfect state. 

97. While in the pupa state, however, another tender and con- 
siderate measure of the workers must not be passed without notice. 
It is essential to the well-being of the pupa that while concealed 
in the cocoon it should be maintained at a genial temperature. 
To secure this object, the workers collect upon the cocoons in cold 
weather and at night, so that by brooding over them they may 
impart the necessary warmth. 

98. The following curious anecdote connected with this subject 
is related by Huber. 

“He put under a bell-glass about a dozen humble-bees, 
without any store of wax, along with a comb of about ten silken 
cocoons, so unequal in height that it was impossible the mass 
should stand firmly. Its unsteadiness disquieted the humble-bees 
extremely. Their affection for their young led them to mount 
upon the cocoons for the sake of imparting warmth to the enclosed 
little ones, but in attempting this the comb tottered so violently 
that the scheme was almost impracticable. To remedy this 
inconvenience, and to make the comb steady, they had recourse 
to a most ingenious expedient. Two or three bees got upon the 
comb, stretched themselves over its edge, and with their heads 
downwards lixed their fore-leet on the table upon which it stood, 
whilst with their hind-leet they kept it from falling. In this con- 
strained and painful posture, fresh bees relieving their comrades 
when weary, did these affectionate little insects support the comb 
for nearly three days. At the end of this period they had pre- 
pared a sufficiency of wax, with which they built pillars that kept 
it in a firm position : hut by some accident afterwards, these got 
displaced, when they had again recourse to their former manoeuvre 
for supplying their place ; and this operation they perse veringly 
continued, until M. lluher, pitying their hard task, relieved them 
by fixing the object of their attention firmly on the table.” * 

It is impossible not to be struck with the reflection, that this 
most singular fact is inexplicable on the supposition, that insects 
are impelled to their operations by a blind instinct alone. How 
* Lincaean Trans., vi. 247, et sej. 
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could mere machines have thus provided for a case which in a 
state of nature has probably never occurred to ten nests of humble- 
bees sinoe the creation ? If in this instance these little animals 
were not guided by a process of reasoning, what is the distinction 
between reason and instinct ? How could the most profound 
architect have better adapted the means to the end — how more 
dexterously shored up a tottering edifice, until his beams and his 
props were in readiness ? * 

99. The following remarkable example of the care bestowed by 
the nurses in keeping the pupa warm, more especially during the 
day which immediate^ precedes its exit from the cocoon as a 
perfect insect— an epoch, when as it would seem it is more 
especially necessary that it should be maintained at an elevated 
temperature, — was supplied by Mr. Newport. That naturalist 
observed that in the process of incubation, the humble-bee at that 
particular stage increased considerably the force of its respiration. 
To render the purpose of this intelligible to the reader not accus- 
tomed to physiological enquiries, it may be necessary to state that 
in the act of respiration the oxygen, which is one of the constitu- 
ents of the atmosphere, enters into combination with the carbon 
and hydrogen, which compose part of the body of the animal. 
Now this combination being identical with that which produces 
heat in a common coal lire or the dame of a lamp, the same 
effect is produced in the animal economy from the same cause ; 
and hence it arises that the development of heat in the body is 
always so much the greater, in proportion to the increased activity 
of respiration. 

100. To return to the hive-bee, it was observed by Mr. Newport 
that in the early stage of the incubation of the pupa, the rate of 
respiration of the insect is very gradual, but becomes more and 
more frequent as the epoch approaches at which it issues from the 
cocoon; the number of respirations per minute then amounting 
to 120 or 130. 

Mr. Newport states that he has seen a bee upon the combs con- 
tinue perseveringly to respire at that rate for eight or ten hours, 
until its temperature was greatly increased and its body bathed 
in perspiration. When exhausted in this way it would retire 
from its maternal duty and give place to another foster-mother, 
who would proceed in the same way to impart warmth to the 
pupa. 

In one case Mr. Newport found that while the thermometer in 
the external air stood at 70*2, it rose on the lips of these cells 
which were not brooded upon at the moment, to 80*2, but when 
placed in contact with the bodies of the brooding bees, it rose 

* Kirby, Int., i. 320. 
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to 92*5. It appears therefore that by the voluntary increase of 
their respiration they were enabled to impart to the nymph 
enclosed in the cocoon 12*3 additional degrees of heat.* 

101. In every well-filled hive the combs are ranged in parallel 
planes, as shown in figs. 36, 37 ; and that no space may be lost, 
while at the same time sufficient room is left for the movements 
of the workers, the open spaces between the parallel combs leave 
a width just sufficient to allow two bees easily to pass each other. 
These open spaces are the streets of the apiarian city, the high- 
ways along which the building materials are carried while the 
combs are in process of construction, through which the supply of 
provisions is carried to the stores, and food to the young, who are 
being reared in the cells. 

But since the nurses must tend the cells of all the combs, and 
therefore pass successively and frequently from street to street, 
they would be compelled to descend to the lower edge of the comb 
to arrive at an adjacent street, unless cross alleys were provided 
at convenient points to abridge such journeys. The prudent 
architects foresee this in laying out their city, and make such 
passages, alleys, or arcades, by which the bees can pass from any 
street to the adjacent parallel street, without going the long way 
round. 

102. On the return of spring, when the genial temperature of the 
weather begins to produce its wonted effects on vegetation, and 
when the vernal plants which the bees love begin to put forth 
their foliage and flower, the busy population of the hive re- 
commence their labours ; and the queen, who has passed the 
winter in repose, attended by her devoted subjects, and feeding 
on the stores laid up by them during the previous season, com- 
mences laying her great brood of eggs. At this epoch she is 
much larger than at the cessation of her laying in the autumn. 
Before she deposits an egg, she examines carefully the cell 
destined for it, putting her head and shoulders into it, and 
remaining there for some time, as if to assure herself that the 
cradle of her offspring has been put in proper order. Having 
satisfied herself of this, she withdraws her head, and introducing 
the posterior extremity of her abdomen deposits a single egg upon 
the pyramidal base of the cell, which adheres there in the manner 
already described. 

She then passes to another empty cell, where, after the same 
precautions, she deposits another egg, and so continues, sometimes 
committing to the cells two hundred eggs and upwards in the day. 

103. In this operation, so essential to the maintenance of the 
population, she is assiduously followed and most respectfully 

* Philosophical Trans., 1837, p. 29G. 
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surrounded by a certain train of her subjects, appointed apparently 
to attend her, and form the ladies-in- waiting on the occasion. They 
range themselves in a circle around her (fig. 39). From time to time 



Fig. Ui>. — The <iueu» depositing her eggs m the cel In, surrounded by her suite 


the individuals of her suite approach her and present her with 
honey. They enter the cells where the eggs have been deposited, 
and carefully clean them, and prepare them for the reception of 
the pap which is to feed the young when it; issues from the egg. 

104. In some exceptional cases, where her majesty is rendered 
over prolific by any accidental cause, the eggs will drop from her 
faster than she can pass from cell to cell, and in such cases two 
or more eggs will he deposited in the same cell. Since the cells 
arc constructed only of sufficient magnitude for the due accom- 
modation of a single bee, the ro}^al attendants in such cases 
always take away the supernumerary eggs, which they devour, 
leaving no more than one in each cell (fig. 40). 

The eggs are oval and oblong, about the twelfth of an inch in 
length, of a bluish white colour, and a little bent. They are 
hatched by the natural warmth of the hive (from 76 ° to 96° Fahr.), 
in from three to six days, the interval depending on the tem- 
perature of the weather. 
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ITS CHARACTER ANI) MANNERS. 
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CHAPTER IV. 

]05. The lame. — 106. Transformation of worker nymph. — 107. Worker 
cells. — 108. Treatment of a young worker. — 109. Of the drone. — 110. 
Drone nymph. — 111. Royal cell and nymph. — 112. Its treatment. — 
Ho. Honey cells. — 114. Pasturage — progress of work. — 115. Con- 
struction of comb. — 110. Remarkable organisation. — 117. Magnitude 
and weight of bees. — 118. Character of queen, — 119. Royal jealousy. 
— 120. Principle of primogeniture.— 121. Assassination of rivals. — 
122. Rattle of virgin queens. — 126. Reason of mutual hostility. — 
124. Result of the battles. — 125. Rattle of married queens. — 126*. 
Rattle of a virgin with a fertile queen. — 1 27. Sentinels at the gates. 
Treatment of an intruding queen. — 128. Remarkable proceeding of 
bees that have lost their queen — effect of her restoration. — 129. 
Effect of the introduction of a new queen. — 130. Policy of the hive. — 
181. Operations at the beginning of a season. 

105. The larva which issues from the egg is a white grub, des- 
titute of legs, having its body divided transversely by a series of 
parallel circular grooves into annular segments. When it has 
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grown so as to touch the opposite angle of the cell, it coils itself 
up in the form of a circular arc, or as Swammerdam describes 
it, like a dog going to sleep. It floats 
there in a whitish transparent fluid, pro- 
Fig. 40. v ^ e( j f or ^ by the nurses, on which it 
. probably feeds during this early stage of 

its life. Its dimensions are gradually en- 
MpjgH Fig. 41 . larged until its extremities touch one ano- 
thcr, so as to form a complete ring, fig. 41, 
in the base of the cell. In this state the 
Yv*. 42 . S ru b is fed with the pap or bee bread 
ll already mentioned. The slightest move- 

ment on the part of the nursing bees is 
AJjlPw Fig. 43. sufficient to attract its attention, and it 
eagerly opens its little j aws to receive the 
offered nourishment, the supply of which* 
presented by the nurse, is liberal without being profuse. 

The growth of the larva is completed in from four to six days, 
according to the temperature of the weather. In cool weather 
the development takes two days more than in warm weather. 

When it has attained its full growth, it occupies the whole 
breadth and a great part of the length of the cell. The nurses at 
this time knowing that the moment has 
Fl £* 41 ■ arrived at which the first metamor- 

~|» phosis, in which the grub is changed 
jf % ^ into a nymph, takes place, discontinue 

^ ^ the supply of food, and close up the 

mouth of tho cell by a light brown 
waxen cover, which is convex externally* 
This convexity of the cover is greater in the drone cells than 
in those of the workers. The covers of the honey cells are, on 
the contrary, made paler in colour, and quite flat or even a little 
concave externally. 

When the larva has been thus enclosed, it immediately com- 
mences, like the silk- worm, to spin a cocoon. In this labour it is 
incessantly employed, lining the sides of its cell and encasing its 
own body in a white silken robe. The threads which form this, 
mantle issue from the middle of the under lip of the nymph, as 
the insect in this intermediate state between that of the grub and 


the perfect bee is called. This thread consists of two filaments, 
which, issuing from two adjoining orifices in the spinner, arc then 
gummed together. 

106. The nymph of a worker spins its robe in thirty-six hours, 
and after passing three days in this preparatory state, it undergoes 
so great a change as to lose every vestige of its previous form. It 
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is clothed with a harder coating, with dark brown scales, fringed 
with light hairs. Six annular segments are distinguished on its 
abdomen, which are inserted one into another like the joints of a 
telescope tube, and give the insect the power of elongating and 
contracting itself within certain limits. The breast is also 
invested with a sort of brush of grey feathery hairs, which as age 
advances assume a reddish hue. In about twelve days all the 
parts of the body of the perfect insect are developed, and can be 
seen through the semi-transparent robe in which it is clothed. 

About the twenty-first day, counting from that on which the 
egg was laid, the second metamorphosis is complete, and the 
perfect insect, gnawing through the cover of its 
cell, issues into life, leaving behind it the silken Fi £* * r> - 
robe which it wore in the intermediate state of 
nymph. This is closely attached to the inner 
surface of the cell in which it •was woven, and 
forms a permanent lining of it. By this cause pupa of a worker, 
the breeding cells become smaller and smaller, 
as the eggs are successively hatched in them, until at length 
their capacity becomes too limited for the full development of the 
nymphs. They arc then turned into store rooms for honey. 

107. In fig. 40 is represented apiece of comb, consisting exclu- 
sively of workers’ cells, in different states. Several, r, e, c, &c., are 
closed, the nymph not having yet undergone its final metamorphosis. 
A bee having arrived at the perfect state and gnawed open the 




Fig. 40. 

cover of its cell, is shown at m. The cells, A, A, have their 
openings on the opposite side of the comb, and //, g, g, are cells 
from which the perfect insects have already issued. 
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108. When a young bee, after its final metamorphosis, has issued 
from the cell, the nurses crowd round it, carefully brushing it, 
giving it nourishment and showing it the way through the hive. 
Others meanwhile are occupied in cleaning the cell from which 
it has issued and putting it in order to receive another egg if it 
be still large enough, and if not, to receive a store of honey. 

The young bee is not sufficiently strong to fiy on the first day. 
It is only on the morrow, after being well fed and brushed down 
by the nurses, and having taken a walk from time to time through 
the combs, that it ventures on the wing. 

109. The drone passes three days in the egg, and continues to 
receive the care of the nurses as a grub until the tenth day, when it 
passes into the state of nymph, and is sealed up in its cell by the 



nurses with a very convex cover. As already stated, the drone 
grub being larger than that of the worker, the cell assigned to it 
is proportionately more capacious, and the cover by which as a 
nymph it is shut up is much more convex externally. A piece of 
comb consisting of drone cells is shown in fig. 47. 

Some cells, o, o, o, being those from which the perfect insect 
has issued, are open and empty. 

Near the borders of the comb, where local circumstances render 
it necessary to modify the principles of its architecture so as to 
accommodate the cells to their position in the hive, may be 
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observed several, k, k, of unusual and irregular forms. While 
some such cells have six unequal sides, others have only four or 
jive. It seems also that in the case of certain cells intended only 
for'the reception of honey, the bee is not at all as scrupulous in 
the observance of architectural regularity as in the case of brood 
cells. 

110. The drone nymph undergoes its final metamorphosis and 
becomes a perfect insect, from the twenty- fifth to the twenty- 
seventh day from that on which the egg is laid, according to the 
temperature of the hive. It is therefore six or seven days later 
in arriving at maturity than the worker. 

111. The changes to which the young of the royal family are 
subject before arriving at maturity, are different from those above 
stated. It has been already explained that the royal cells aro 
vertical instead of being horizontal, are egg-shaped instead of 
being hexagonal, and in fine are much more capacious than those 
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of the drones or workers. One of these cells is shown at r s in 
fig. 48, a part, u u y being removed to show the royal nymph 
within it. It will be observed that a much larger space is given 
to the royal nymph than is allowed either to that of the worker 
or the drone, the bodies of which nearly fill their respective cells. 
The royal nymph is always placed, as shown in the figure, with 
her head downwards. 

The progressive formation of a royal cell is shown in fig. 49. 
It is unfinished, as at a , when the egg is deposited ; and is gradually 
enlarged, c y as the grub increases in size ; and is sealed up, b t when 
it is transformed into a nymph. 
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The grub issues from the egg on the third day, becomes a 
nymph from the eighth to the eleventh day, and undergoes its 



Fig. 41). 


final metamorphosis, becoming a perfect insect on the seventeenth 
day. It is, however, sometimes detained a prisoner in the cell 
for’seven or eight days longer. 

112. Naturalists are not agreed as to some of the circumstances 
attending the treatment of the young, which wc have here given 
on the 'authority of Feburier and other French entomologists. 
Mr. Dunbar, in reference to the circumstances attending the first 
issuing of the perfect insect from the cell, says that in hundreds 
of instances their situation has excited his compassion, when 
after long struggling to escape from its cradle, it has at last 
succeeded so far as to extrude its head, and when labouring with 
the most eager impatience, and on the very point of extricating 
its shoulders also, which would have at once secured its exit, a 
dozen or two of workers, in following their avocations, have 
trampled without ceremony over the struggling creature, which 
was then forced for the safety of its head, quickly to pop down 
again into the cell and wait until the unfeeling crowd had passed, 
before it could renew its efforts. Again and again will the same 
impatient efforts be repeated by the same individual, and with 
the same mortifying interruptions, before it succeeds in obtaining 
its freedom. Not the slightest attention or sympathy on the part 
of the workers in these cases was ever observed by Mr. Dunbar, 
nor did he ever witness the parental cares and sage instruction 
given to the young which are described by the French 
entomologists. 
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Positive, however, is more entitled to consideration than 
negative testimony, and it cannot be doubted that Feburier and 
others witnessed those cares, guidance, and education which they 
have so well described. Besides, Dr. Bevan admits that he has 
■seen assistance rendered to the infant drones. So soon as the 
young insect has been cleaned of its exuvire and regaled with 
honey by the nurses, the latter clean out the cell exactly as we 
have already described. 

113. A piece of comb is shown in fig. 50, the upper part a, of 
which contains honey-cells closed with flat sides of wax. The 
-cells, c c y &c., contain pollen, and c' c', &c., propolis. The cells 
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of the upper part are those which originally belonged to workers, 
and those of the lower part, with convex covers, are occupied by 
the drone nymphs. 

114. The various flowers and herbs which supply the materials 
for honey, wax, and propolis taken collectively, are called the 
pasturage of the bees, and it is observed that when this pasturage 
is very abundant, the bees, eager to profit by the rich harvest, 
depart from their habit of conveying their booty first to the 
uppermost cells of the comb, so as to fill them gradually down- 
wards. On the contrary, upon arriving with their load, and eager 
to return for a fresh supply, they unload themselves in the nearest 
•empty cells they can find. The wax-makers meanwhile charge 
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themselves with the labour of taking the provisions thus deposited 
from the lower to the upper parts of the combs. 

115. In fig. 51, is shown a piece of comb in process of construe. - 
tion. It has, as usual, an oval form. The wax, of which it is 
formed, is white, but as it advances in age it takes successively a 



Fig. 51. 

darker and darker colour, being first yellow, then reddish, and 
sometimes even becomes blackish. The sides of the cells are 
gradually thickened, by the constant adhesion and accumulation 
of the cocoons, of which the nymphs successively bred in them are 
divested. The top and sides of the comb are every where 
strongly cemented, by a mixture of propolis and wax, to th6 roof 
and sides of the hive. These structures are almost never known 
to fall except by some accidental cause external to the hive, such 
as a blow or the too intense heat of the sun dissolving the 
cement. 

116. The character and manners of the bee have an intimate 
relation with its social organisation. We have seen that in the 
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building of their city this organisation is never for a moment lost 
sight of. The chambers vary in number, magnitude, form, and posi- 
tion. Those designed for the members of the royal family are few 
and exceptional, those for the drones much more numerous, but 
about one hundred times less numerous than those of the workers. 
The magnitudes are in like manner strictly regulated, in relation 
to the volume of the body of the occupant, except the royal 
chambers to which a magnitude is given much greater in propor- 
tion than that of the bodies of the royal tenants. The object to 
be attained by this increased capacity, as well as by the vertical 
position specially given to the royal cells, has not been ascertained. 

117. How little relation there exists between mere bodily 
magnitude, and the faculties which govern acts so remarkable as 
those of the insects now before us, will be understood when it is 
stated that, according to the experiments of Reaumur, the average 
weight of the bee is such that 33b go to an ounce, and 537G to 
a pound ; and John Hinton found that 2160 workers would not 
more than fill a common pint. 

118. Having thus explained in a general way the persons com- 
posing the society, and the structure and architecture of their 
dwellings, we shall proceed to notice some of the more remarkable 
traits of their character and manners. 

It has been already explained that the community of the hive 
bees is strictly a female monarchy. The jealous Semiramis of the 
hive, as Kirby observes, will have no rival near her throne. It 
may, therefore, be asked to what purpose are the sixteen or 
twenty princesses reared, for ydiom royal chambers are provided, 
and who are treated in all respects by the nurses as aspirants to 
the throne This will be comprehended, however, when it is 
remembered that the hive, soon after the commencement of the 
season, becomes so enormously over-peopled, that emigration 
becomes indispensable, and that with each emigrant swarm a 
queen is necessary. Either therefore the queen regnant must go 
forth, abdicating the throne, in which case it is ascended by the 
eldest of the princesses, or the latter is raised to the sovereignty of 
the emigrating colony. Now, since a rapid succession of swarms 
issue from the hive, especially in the early part of the season, 
sometimes as many as four in eighteen days, and since one queen 
is required for each, a proportionately numerous royal family is 
required to fill so many independent thrones. 

119. When the growth of several princesses and their arrival 
at maturity occurs, before the increase of the population renders 
emigration necessary, so as to create thrones for them, the most 
violent jealousy is excited in the breast of the queen regnant, 
who is either mother or sister to these several queens presumptive, 
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and her royal breast is tired with agitation, nor does she rest until 
she has engaged in mortal conflict with her rivals, and either puts 
them to death or suffers death at their hands. 

120. When a hive, having lost its queen by emigration or other- 
wise, is provided with several royal cells, which generally happens, 
the first princess which issues from these in the perfect state im- 
mediately ascends the throne in right of primogeniture. Although 
her rivals are not yet in a condition to dispute the title, they, 
nevertheless, excite her jealousy in the highest degree. Scarcely 
ten minutes elapse from the moment she lias attained the perfect 
state, and issued from the royal cell, when she goes in quest of the 
other royal cells, assails with fury the first she encounters, and 
having gnawed a large hole in it she introduces the posterior 
extremity of her abdomen, and kills her rival with her sting. 

121. A crowd of workers, who are passive spectators of this, ap- 
proach the cell, and enlarging the breach, drag out the corpse of the 
murdered princess, who, in such cases, has already assumed the 
perfect state. If the queen attack in like manner a cell of which 
the occupant is still in the state of nymph, she does not waste her 
strength in slaying it, well knowing that its premature exposure 
will do the work of death. The workers, in this case also enlarg- 
ing the breaoh made by the queen, pull out the nymph, who 
immediately perishes. 

122. Huber, who witnessed, and has described all these curious 
proceedings, being desirous to ascertain what would happen if two 
rival queens, both in the perfect state, found themselves together 
in the same hive, produced artificially that contingency on the 
15th May, 1790. He managed to provide in the same hive 
royal cells, in an equal stage of forwardness, so that virgin 
queens issued from two of them almost at the same moment. 

When they appeared in presence of each other they fell upon 
each other with all the appearance of insatiable fury, and so 
engaged one with the other, that each held in her mandibles the 
antenna) of the other. They were engaged breast to breast, and 
abdomen to abdomen, so that if each had put forth her sting, 
mutual death would have been the consequence. But as if nature 
had forbidden this mutual destruction, the combatants disengaged 
themselves from each other’s grasp, and tied one from the other 
with the greatest precipitation. 

Huber says that this was not a mere incident which might have 
occurred in a single case, but would not occur in others, for he 
repeated the same experiment frequently, and it was always 
followed by the same result. It seemed, therefore, as though it 
were a case foreseen by nature, and that one only of the 
combatants should fall in such combats. 
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123. Nature has ordained that in each hive there shall be one, 
and but one queen, and when by any concurrence of circumstances 
a second appears, one or the other is doomed to destruction. But it 
is not permitted to the common class of the people to do execution 
on a royal personage, since in that case it might not be possible to 
secure unanimity as to the particular queen who is to be preserved, 
so that different assemblages of the people might at the same time 
assail different queens, and so leave the hive without a sovereign. 
It was, therefore, necessary, as Huber argues, that the extermina- 
tion of the superfluous queens should be left to the queens them- 
selves, and that they should in their combats be filled with an 
instinctive horror of mutual destruction. 

Some minutes after the two queens above mentioned had 
separated and retired from each other, and when their fears had 
time to subside, they again prepared to approach each other. 
They engaged once more in the same position, involving the 
danger of mutual destruction, and as before, once again separated 
and mutually fled each other. 

124. During all this time the greatest agitation prevailed among 
the population who assisted at the scene, more especially when the 
two combatants separated. On two different occasions the workers 
interfered to prevent them from Hying from one another. They 
arrested them in their flight, seizing them by the legs and detain- 
ing them prisoners for more than a minute. In fine, in a last 
attack, one of the queens, more active and furious than the other, 
taking her rival unawares, laid hold of her with her mandibles 
at the insertion of the wing/ and then mounting on her back, 
and bringing the posterior extremity of her abdomen to the 
junction of one of the abdominal segments of her adversary, 
stabbed her mortally with her sting. She then let go the wing 
which she had previously held and withdrew her sting. 

The vanquished queen fell, dragged her body slowly along for 
a certain distance, and soon after expired. 

12d. Having thus ascertained the conduct of virgin queens under 
the circumstances here described, Huber made arrangements for 
observing the conduct of queens who were in a condition to pro- 
duce eggs. For this purpose he placed a piece of comb on which 
three royal cells had been constructed in a hive with a laying 
queen. The moment they caught her eye she fell upon them, 
opened them at their bases, and surrendered them to the 
attendant workers, who lost no time in dragging out the royal 
nymphs, greedily devouring the store of food which re mained in 
the cells, and sucking whatever was in the carcases. Having 
accomplished this they proceeded to demolish the cells. 

It was now resolved to ascertain what would be the bell avmur of 
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a queen-mother regnant in case a stranger queen pregnant were 
introduced into the hive. A mark having been previously made 
upon the back of such a queen, so that she might be afterwards 
identified, she was placed in the hive. Immediately on her 
appearance the workers collected in a crowd around her, and 
formed as usual a circle of which she was the centre, the heads of 
all the remaining crowd being directed towards her. This very 
soon became so dense that she became an absolute prisoner 
within it . 

While this was going on, a similar ring was formed by another 
group of workers round the queen regnant, so that she was 
likewise for the moment a prisoner. 

The two queens being thus in view of each other, if either 
evinced a disposition to approach and attack the other, the two 
rings were immediately opened, so as to give a free passage to the 
combatants ; but the moment they showed a disposition to fly 
from each other, the rings were again closed, so as to retain them 
in the spot they occupied. 

At length the queen regnant resolved on the conflict, and the 
surrounding crowd, seeming to be conscious of her decision, 
immediately cleared a passage for her to the place where the 
stranger stood perched on the comb, She threw herself with 
fury on the latter, seized her by the root of the wing, and fixed 
her against the comb so as to deprive her 
Fi£. :»2. of all power of movement or resistance, 

and then bending her [abdomen inflicted 
a mortal stab with her sting, and put an 
end to the intruder. 

126 . A fruitful queen full of eggs was 
next placed upon one of the combs of a hive 
over which a virgin queen already reigned. 
She immediately began to drop her eggs, 
hut not in the cells ; nor did the workers, 
by a circle of whom she was closely surrounded, take charge of 
them ; hut, since no trace of them could he discovered, it is 
probable that the}' were devoured. 

The group, by which this intruding queen was surrounded, 
having opened a way for her, she moved towards the edge of the 
comb, where she found herself close to the place occupied by the 
legitimate virgin queen. The moment they perceived each other, 
they rushed together with ungovernable fury. The virgin, 
mounting on the hack of the intruder, stabbed her several times 
in the abdomen, but failed to penetrate the scaly covering of the 
segments. The combatants then, exhausted for the moment, 
disengaged themselves and retired. After an interval of some 
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minutes they returned to the charge, and tins time the intruder 
succeeded in mounting on the back of the virgin and giving her 
several stabs with her sting, which, however, failed to penetrate 
the flesh. The virgin queen, succeeding in disengaging herself, 
again retired. Another round succeeded, with the like results, 
the virgin still coming undermost, and, after disengaging herself, 
again retiring. The combat appeared for some time doubtful, 
the rival queens being so nearly equal in strength and power, 
when at last, by a lucky chance, the virgin sovereign inflicted a 
mortal wound upon the intruder, who fell dead on the spot. 

In this case, the sting of the virgin was buried so deep in the 
flesh of her opponent, that she found it impossible to withdraw it, 
and any attempt to do so by direct force would have been fatal to 
her. After many fruitless efforts she at length adopted the 
following ingenious expedient with complete success. Instead of 
exerting her force on the sting by a direct pull, she turned herself 
round, giving herself a rotatory motion on the extremity of her 
abdomen where the sting had its insertion, as a pivot. In this 
way she gradually unscrewed the sting. 

127. The gates of the hive arc as constantly and regularly 
guarded night and day as those of any fortress. The workers 
charged with this duty are, of course, regularly relieved. They 
scrupulously examine every one who desires to enter ; and, as 
though distrustful of their eyes, they touch all visitors 'with their 
antenna). If a queen happens to present herself among such 
visitors, she is instantly seized and prevented from entering. 
The sentinels grasp her legs or wings with their mandibles, and 
so surround her that she cannot move. As the report of the event 
spreads through the interior of the hive, large reinforcements of 
the guard arrive, who augment the dense ranks which hold the 
strange queen in durance. 

In general, in such cases, the intruding queen is thus detained 
prisoner until she dies from want of food. It is remarked that 
the guard, who thus surround and detain her, never use their 
stings upon her. In one instance Iluber attempted to extricate a 
queen, thus surrounded, by taking her directly out of the ring of 
guards. This excited the rage of the guard to such a pitch that, 
putting forth their stings, they rushed blindly not only on the 
queen but on each other. The queen, as well as several of the 
guard, were killed in the melee. 

128. When the sovereign of the hive is removed or accidentally 
destroyed, the population seem at first to be wholly unconscious 
of their loss, and pursue tlieir usual avocations as if nothing had 
happened. But after the lapse of some hours they begin to 
manifest a certain degree of uneasiness. This gradually increases, 
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until the entire hive becomes a scene of tumult. The wax- 
makers abandon their work, the nurses desert the infant brood ; 
they run here and there iu all directions through the streets and 
passages of the hive as if in delirium. That all this disorder 
and alarm is produced by the report spreading that the sovereign 
has disappeared, was proved to demonstration by Iluber, who 
restored to the hive the queen he had purposely withdrawn. 
Her majesty was instantly recognised hv those who happened to 
be assembled at the place of her restoration ; but what is remark- 
able is that the intelligence of her return was immediately spread 
through every part of the hive, so that the bees in its most remote 
streets and alleys, who had no opportunity of personally seeing- 
her majesty, were informed of her re-appearance, as was proved 
by the restoration of order and tranquillity, and the resumption 
of their usual labours by all classes of the population. 

1 29. If, instead of restoring to the hive the queen herself, a new 
queen, stranger to the population, be introduced, she will not 
at first be accepted. She will, on the contrary, be guarded and 
imprisoned by a ring of bees, in the same manner as a strange 
queen is treated in a hive which still retains its reigning sovereign. 
But if she survives sixteen or eighteen hours in this confinement, 
the guard around her gradually disperses itself, and the lady 
enters the hive and assumes without further question the state 
and dignity of queen, and becomes the object of the homage paid 
to the sovereign. 

As we have already stated, the first work which the population 
undertakes, after being assured of the loss of its queen, is directed 
to obtain a successor to her. If there be not royal cells prepared, 
they set about their construction. While this work was in 
progress, and in twenty-four hours after their queen had been 
taken from them, Huber introduced into the hive a fruitful queen 
in the prime of life, being eleven months old. Not less than 
twelve royal cells had been already commenced and were in a 
forward state. The moment the strange queen was placed on 
one of the combs, one of the most curious scenes commenced which 
was probably ever witnessed in the animal world, and which has 
been described by Huber. 

The bees who happened to be near the stranger approached her, 
touched her with their antennee, passed their probosces over 
all parts of her body, and presented her with honey. Then they 
retired, giving place to others, who approached in their turn and 
went through the same ceremony. All the bees who proceeded 
thus clapped their wings in retiring and ranged themselves in a 
circle round her, each, as it completed the ceremony, taking a 
position behind those who had previously offered their respects. A 
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general agitation was soon spread on those sides of the combs corre- 
sponding with that of the scene here described. From all quarters 
the bees crowded to the spot, and each group of fresh arrivals 
broke their way through the circle, approached the new aspirant 
to the throne, touched he$ with their antennae and probosces, 
offered her honey, and, in fine, took their rank outside the circle 
previously formed. The bees forming this sort of court circle 
clapped their wings from time to time, and fluttered apparently 
with self-gratification, but without the least sign of disorder or 
tumult. 

At the end of liftecn or twenty minutes from the commence- 
ment of these proceedings the queen, who had hitherto remained 
stationary, began to move. Far from opposing her progress or 
hemming her in, as in the cases formerly described, the bees 
opened the circle on the side to which she directed her steps, 
followed her, and, ranging themselves on either side of her path, 
lined the road in the same manner as is done by military bodies 
in state processions. She soon began to lay drone eggs, for which 
she sought and found the proper cells in the combs which -had 
been already constructed. 

While these things were passing on the side of the comb where 
the new queen had been placed, all remained perfectly tranquil 
on the opposite side. It seemed as though the bees on that side 
were profoundly ignorant of the arrival of a new' queen on the 
opposite side. They continued to work assiduously at the royal 
cells, the construction of which had been commenced on that side 
of the comb, just as if they were ignorant that they had no 
longer need of them ; they tended the grubs in those cells where 
the eggs had been already hatched, supplying them as usual, 
from time to time, with ltoyal Jelly. Kut at length the new 
queen in her progress arriving at that side of the comb, she was 
received by those bees with the same homage and devotion of 
which she had been already the object at the other side. They ap- 
proached her, coaxed her with their antenna) and probosces, offered 
her honey, formed a court circle round her when she was stationary, 
and a hedge at either side of her path when she moved, and proved 
how entirely they acknowledged her sovereignty by discontinuing 
their labour at the royal cells, which they had commenced before 
her arrival, and from which they now removed the eggs and 
grubs, and ate the provisions which they had collected in them. 

From this moment the queen reigned supreme over the hive, 
and was treated in all respects as if she had ascended the throne 
in right of inheritance. 

130. Most of the proceedings of these curious little societies are 
explicable by what seems a general social law among them, to 
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suffer no individuals or class to continue to exist, save sucli as are 
necessary in one way or another to the well-being of the actual 
community, or the continuance of the species. This principle 
once admitted, we find explanations satisfactory enough of all the 
circumstances attending the conduct o£ the queen regnant towards 
the royal princesses, of the population generally to the several 
members of the royal family, and, in line, of the workers towards 
the drones. 

The royal family, as we have seen, are all fertile females, and 
their sole function is to assume the throne of the hive itself, or 
of the colonies called swarms, which successively issue from it, 
and thus placed to become the fruitful mothers of thousands, 
which will continue the race and form future colonies. 

The drones have no other function than that of kings consort 
presumptive, either of the hive itself or of the colonies which 
successively emigrate from it. As has been explained, one only 
is chosen as consort by each queen. So long as the swarming 
season continues, a sufficient body of drones are wanted to supply 
the necessary troop of suitors to each emigrant princess. But 
when the last swarm of the season has gone forth, and the queen 
regnant has long since made her choice and celebrated her 
nuptials, the drones are no longer useful to the general popula- 
tion, and become the objects of a general massacre. 

131. After the close of the winter, and at the commencement of 
the first fine days of spring, the active life of the society recom- 
mences. A well peopled hive is then always provided with a 
fertile queen, who has held the sovereignty since the close of 
the preceding season. In the months of April and May she begins 
to lay drone eggs in great numbers. This is called the great 
laying. 

While she is thus engaged depositing her eggs in the larger 
class of hexagonal cells, previously constructed for their reception, 
the workers, well knowing that the deposition of royal eggs will 
speedily follow, occupy themselves in constructing a number of 
those cells of oval shape and vertical position, (fig. 49,) which 
have been already described. 


64 




THE BEE. 

ITS CHARACTER AND MANNERS. 

* 

CHAPTER V. 

132. Change of state of the queen after laying. — 133. First swarm led l>y 
her majesty. — 134. Proceedings of the lirst swarm. — 135. Loyalty 
and fidelity to the queen — remarkable experiment of Dr. Warder. — 
136. Interregnum after swarming. — 137. The princess royal. — 13S. 
Second swarm — its effects. — 139. Successive swarms. — 140. Pro- 
duction of a factitious queen — Sch track's discovery. — 141. Factitious 
queens dumb. — 142. Factitious princesses allowed to engage in mortal 
combat.- — 143, Homage only ottered to a married queen. — 144. Ke- 
speot shown to her corpse. — 145. Functions of the drones. — 146. 
Their treatment. — 147. Their massacre described by Huber. — 148. 
Case in which no massacre took place. — 149. Character and habits of 
the workers. — 150. Products of their labours. — 151. Process ot work, 
152. Honey and pollen — nectar and ambrosia. — 153. Bee the priest 
who celebrates the marriage of the flowers. — 154. Why the bee 
devotes each excursion to one species of flower. — 155. Unloading the 
workers. — 156. Storage of spare provision. — 157. ltadius of the circle 
of excursion. 

Lardner’s Museum of Science. f 

No. 125. 


65 


THE BEE. 


To make this great laying of drone eggs, her majesty must be 
at least eleven months old. Supposing that she has beeu hatched 
the preceding season in February, she will lay during that sea- 
son workers’ eggs almost exclusively, producing at the most from 
fifty to sixty drone eggs. But after the winter, at the epoch 
now referred to, the hive being then filled exclusively with 
workers, and standing in absolute need of drones to supply 
suitors to the future queens, she produces drone eggs constantly 
and exclusively until the commencement of the swarming season, 
with the exception, however, of a limited number of royal eggs, 
which she deposits at intervals more or less distant in the royal 
cells just now mentioned, which the workers occupy themselves 
in constructing during the great laying. 

The great laying usually continues for about a month, and it 
is about the twentieth or twenty-iirst day that the workers begin 
to lay the foundations of the royal cells. They generally build 
from sixteen to twenty of them, and sometimes even as many as 
twenty-seVen. When these cells have attained the depth of two- 
tenths to three- tenths of an inch, the queen deposits in each of 
them successively a royal egg. Now since the princesses which 
are to issue from these eggs are destined to ascend the thrones of 
the emigrant colonies, which arc to issue in succession from the 
hive, it is important that they should arrive at maturity at suc- 
cessive intervals, corresponding as nearly as possible with the 
emigration of the swarms. 

The queen acts as if she were oonscious of this, for she 
deposits the royal eggs, not like the drone or worker eggs in rapid 
and uninterrupted succession, but after such intervals as will 
insure their arrival at maturity in that slow succession, which 
will correspond nearly or exactly with the issue of the successive 
swarms. 

132. It has been already explained that the nurses seal up the 
cells, at the time at which the grub is ready to undergo its meta- 
morphosis into a nymph. In accordance with this, and with the 
successive deposition of the royal eggs, just described, the times of 
sealing up the series of royal cells arc separated by intervals 
corresponding with those of the deposition of the royal eggs. 

Before the commencement of the great laying, the abdomen of 
the queen is so enlarged that her movements are seriously impeded, 
and she would be altogether unable to fly. According as the 
laying proceeds, she becomes smaller and smaller, and when it 
has been completed, the royal eggs having been meanwhile depo- 
sited at regulated intervals, as above described, her majesty 
recovers her natural form and dimensions, and with them her full 
bodily activity. This change in the condition of the queen, and 
6G 
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the simultaneous deposition of fifteen hundred to two thousand 
drone eggs, and some sixteen or twenty royal eggs, are intimately 
connected with the approaching social state of the colony. 

133. It was shown by Huber, and since confirmed by other ob- 
servers, that it is a constant law of bee politics that the "first swarm 
of the season shall be led by the queen-regnant, who therefore ab- 
dicates her native throne in favour of the colonial sovereignty. This 
swarm takes place when the grub proceeding from the first of the 
•eggs deposited by the queen in the royal cells, as above described, 
has undergone its transformation into a nymph.* The necessity 
for this law is thus explained by Iluber. Without it, the mutual 
conflict of the queen-regnant and the princesses, as they would be 
successively developed, would render the emigration of swarms 
impossible. For as each princess would issue perfect from the cell, 
she would be attacked, and forced to engage in combat with the 
queen, who being, by reason of her age, the stronger and more 
powerful, would be always victorious. Thus princess after prin- 
cess would be destroyed, and none would be forthcoming to 
take the thrones of the successive emigrating colonies. To pre- 
vent such a catastrophe, nature has therefore wisely ordered that 
The queen-regnant, by leading forth the first swarm of the season, 
should remove all cause of danger to the succession of princesses. 

134. When the emigrant swarm thus first sent forth from the 
parent hive has established itself, the first care of the workers is to 
construct combs, consisting of workers’ cells. They labour assidu- 
ously at these, and in accordance with this the queen, who has 
already deposited in the original hive her full brood of drone 
eggs, soon begins in her new city to deposit a brood of worker 
eggs ; workers being then the first and most pressing want of the 
colony. This laying begins as soon as the cells are ready for the 
deposition of the eggs, and continues for ten or twelve days. 
About the latter part of this interval, the bees occupy themselves 
in the construction of the larger class of hexagonal cells for the 
drone eggs. It would seem as though they knew that her majesty 
would at this time lay a certain number of such eggs. She 
accordingly commences laying these, though in far less number 
than in the great laying, but still sufficient to prepare her people 
for the succeeding deposition of royal eggs, for which they con 
struct meanwhile a suitable number of royal cells. 

It rarely happens, at least in the country where Iluber made 
his observations, that the original queen leads forth a swarm from 
'the new hive. The thing nevertheless occasionally occurs, and 
when it does, it takes place in three or four weeks after the 

* Huber, i. 279. 
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original swarm, and is attended with circumstances precisely 
similar. 

135. Let us now return to the original hive and see what took 
place there after the departure and abdication of the reigning 
queen. 

As examples proving the loyalty and fidelity of the bees to their 
queen, Dr. Bevan quotes some remarkable and interesting cases 
supplied by Dr. Warder. That apiarist being desirous of ascer- 
taining the extent of the loyal feeling among these little people, 
hazarded the loss of a swarm in an experiment made with that 
object. Having shaken on the grass all the bees from a hive 
which they had tenanted only the preceding day, he carefully 
sought for and quietly caught the queen. Then placing her with 
a few attendants in a box, he took her into his parlour, where the 
lid being removed, she and her attendants immediately flew to 
the window, when he clipped off one of her wings, returned her 
to the box and confined her there for more than an hour. 

In less than a quarter of an hour the swarm ascertained the 
loss of their queen, and instead of clustering together in a single 
mass as usual, like a bunch of grapes, they spread themselves 
over a space of several feet, were much agitated, and uttered a 
plaintive sound. An hour afterwards they all took flight and 
settled upon the hedge where they had first alighted after leaving 
the parent stock, but instead of clustering together in a single 
bunch, as when the queen accompanied them, and as swarms 
usually hang, they extended themselves thirty feet along the 
hedge in small bunches of forty or fifty or more. 

The queen was now presented to them, when they quickly- 
gathered round her with a joyful hum, and formed one harmonious 
cluster. At night the Doctor hived them again, and on the next 
morning repeated the experiment to see whether the bees would 
rise. The queen being in a mutilated state, and unable to accom- 
pany them, they surrounded her for several hours apparently 
willing to die with her rather than abandon her in her distress. 
The queen was a second time removed, when they spread them- 
selves out again, as though in search of her. Her repeated 
restoration to them at different parts of their circle produced one 
uniform result, and these poor loving and loyal creatures always 
marched and counter-marched every way as the queen was laid. 
The Doctor persevered in these experiments, till, after five days 
and nights of voluntary fasting, they all died of inanition except 
the queen, and she survived her faithful subjects only a few 
hours. 

This remarkable attachment between queen and subjects appears 
to be reciprocal, the sovereign being as strongly sensible of it as 
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those over whom she rules. Though offered honey on several 
occasions during her temporary separation from the swarm in 
these experiments, she constantly refused it, disdaining a life 
which was no life to her, deprived of the society of her faithful 
people.* 

136. After the departure of her majesty there seems to be a sort 
of interregnum in the hive during the succession of swarms. No 
new sovereign is for the moment elevated to the throne. A strong 
guard is established at each of the royal cells, whose duty it is 
to coniine the princesses with the utmost rigour to their respective 
cells, carefully feeding them, and only liberating them at intervals 
of some days according to the successive departure of the swarms. 
They are liberated in the strict order of their seniority, the 
nymph proceeding from the first royal egg, or the princess royal, 
being invariably the first set free. 

137. When she issues forth, her first impulse, like that of all 
queens, is to fall upon the cells containing her younger sisters to 
destroy them. This, which in other states of the colony is permitted 
by the workers, is now strenuously and effectually opposed by them. 
When she approaches the neighbourhood of the royal cells, the 
guard in whose charge these are placed, pinch, worry, and hunt 
her until they compel her to depart, but never attempt to assail 
her with their stings or seriously inj ure or disable her. 

Now, as there are usually a great number of these royal cells in 
different parts of the hive, our princess finds it a difficult matter 
to obtain any corner where she can remain unmolested. Inces- 
santly impelled by her instinct to attack the cells of her sisters, 
and as incessantly repulsed from them by the surrounding guard, 
her life is rendered miserable. She is in a constant state of 
agitation, running from one group of workers to another, until at 
length the agitation is shared by a certain portion of the workers 
themselves. When this occurs, a crowd of bees are seen rushing 
towards the portals of the city. They issue from it accompanied 
by their young and virgin queen. It is the second swarm of the 
season, and differs from the first only in the age and condition of 
its sovereign. 

138. Alter this emigration the workers, who have remained in 
possession of the hive liberate another of the princesses, the 
second in seniority, whom they treat exactly in the same manner 
as the former. The same succession of repulses by the guards of 
the remaining royal cells takes place, attended by like consequences, 
this second princess leading forth in the same manner the third 
swarm, and so on. 

139. This spectacle is repeated three or four times in the season 
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in a well-peopled hive, until the population is so reduced that the- 
number necessary to form a sufficient guard upon the royal cells 
can no longer be spared from the general industry of the hive. 
Several princesses then escape from the cells, nearly at the same 
time, who fall upon each other in the manner already described, 
being now encouraged instead of being opposed by the workers. 
In fine, all but one fall in those combats, and this fortunate 
survivor, who is in general the eldest of the princesses remaining 
in the hive, ascends the throne, and is acknowledged by the whole 
community. 

According to Huber, swarms issue from the hive only in sun- 
shine and a calm atmosphere. After all the precursors of a 
swarm have appeared, a passing cloud often arrests it, and the 
intention of the bees seems to be abandoned. An hour later the 
appearance of the bright sun will reproduce all the usual move- 
ments, and the swarm will issue. 

Many conjectures are made as to the means by which the 
workers know so well, as they undoubtedly do, the relative ages 
of the several princesses, so as to liberate them according to 
seniority. Huber conjectures that a peculiar sound, which they 
produce before their liberation from the cells, and which he 
thought varied in loudness and pitch, might be the distinguishing 
character of relative age. 

140. A contingency arises occasionally in the bee community,, 
which wc have not yet noticed, and which is attended with conse- 
quences of a very curious and interesting nature. It was dis- 
covered by Schirach, and confirmed by numerous and long continued 
observations of Huber, that when by any cause a colony loses its- 
queen, without having any royal cells or royal eggs previously 
provided, they are enabled by certain extraordinary processes and 
expedients to produce princesses, among whom they may obtain a 
successor to their last sovereign. 

M. Schirach, Secretary of an Apiarian society, at Little 
Bautzen in upper Lusatia, observed that bees, when shut up with- 
a portion of comb containing worker brood only, would soon con- 
struct royal cells, into whicli they would put worker eggs, the 
grubs from which, being nourished with royal jelly, would grow 
up as queens. This remarkable result is known among apiculturers 
as the Lusatian experiment. This experiment has since been 
repeated thousands of times, and always with the same results by 
all the most eminent naturalists who have directed their 
researches to this part of entomology, and indeed generally by 
all bee cultivators. So that of the fact itself, strange and 
incredible as it may seem, there is not the faintest shadow of 
doubt. 
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The following is the process by which this miracle of nature is 
performed. 

Having chosen a worker grub, from one to three days old, the 
workers pull down two of the cells adjacent to that in which the 
chosen grub lies. They pull down the walls which separate 
these three chambers, so as to throw them into one three times 
inore spacious than the single cell of the grub. Leaving the 
pyramidal bases of these three cells untouched, they construct 
around the grub a large cylindrical tube, which is consequently 
included within the remaining walls of the three demolished cells, 
the axis of the tube being parallel to that of the cells, and there- 
fore horizontal. 

It seems, however, that to accomplish the desired change on 
the nature of the grub, it is not only necessary to give it an 
enlarged cell, but one of which the axis is vertical instead of 
being horizontal. On the third day, therefore, from the com- 
mencement of their operations, they take measures to cement to 
the horizontal tube a vertical chamber having a conical form, 
making with the horizontal tube an elbow. To accomplish this 
they gnaw away several cells below the end of the tube, sacrificing 
without mercy the grubs which occupy these, as w'ell as those 
which occupied the two cells adjacent to the original cell of the 
chosen grub. 

This rectangular cell, therefore, compost'd of the original 
cylindrical, and the more recently constructed conical cell, may 
be considered as having some such form as here roughly sketched, 


A. It 



(fig. 53,) where ajjcd is the horizontal cylindrical part formerly 
filled by three worker hexagonal cells, and n r e d, the vertical 
conical part, subsequently cemented to it, and built witli the wax 
obtained from the demolition of the worker cells under a n c I). 

During two days which the grub inhabits this vertical cell, 
b e d e, a nurse may always he observed with its head plunged 
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into it, and when one quits it another takes its place, thus 
relieving each other with all the regularity of military sentinels. 
These bees keep constantly lenthening the cell, n F E t>, as the 
grub grows older, and duly supply it with food, which they place 
before its mouth and round its body. The animal, which can 
only move in a spiral direction, keeps turning to take the jelly 
deposited before it, and thus slowly working downwards, arrives 
insensibly nearer the orifice of the cell, just at the time that it 
is ready to he metamorphosed into a nymph. At tliis moment, 
the workers, conscious of the impending change, seal up the 
mouth e f of the cell, and cease their attentions, leaving nature 
to effect the last transformation. 

One of these cells is shown at < 1 , in lig. 40. 

That the mere change in the quality of the food, combined with 
the increased capacity and altered form of the cradle, should be 
the means of producing a transformation, so extreme as that from 
a worker to a queen, must be a matter of profound astonishment 
to every reflecting mind ; so much so indeed, that without the 
most incontestable evidence, and the power moreover of repro- 
ducing the phenomenon at will, it could not be credited. Let 
any one imagine how such an assertion as this, that the foal of 
an ass by a particular sort of provender, and by being reared in 
a stable of particular magnitude and form, could be made to grow 
into a through bred horse, would be received. Yet, such a trans- 
formation produced by such means would not he one whit more 
wonderful than the change of a worker grub into a queen-bee, 
by the means just stated. “AVliat!” says Kirby, addressing his 
correspondent, “you will ask, can a larger and warmer house, 
a different and more pungent food, and a vertical instead of an 
horizontal posture, give a bee a different-shaped tongue and 
mandibles ; render the surface of its under-legs Hat instead of 
concave ; deprive them of the fringe of hairs that forms the basket 
for carrying the masses of pollen, — of the auricle and pccten which 
enable the workers to use these legs or feet as pincers, — of the brush 
that lines the insides of the feet Y Can they lengthen its abdomen ; 
alter* its colour and clothing ; give a curvature to its sting ; 
deprive it of its wax pockets ; and of the vessels for secreting that 
substance ; and render its ovaries more conspicuous and capable 
of yielding worker and drone eggs ? ” 

In the next place, can the apparently trivial circumstances just 
mentioned alter altogether the instincts of these creatures ? Can 
they give to one description of animals address and industry, and 
to the other astonishing fecundity ? Can we conceive them to 
change their very passions, tempers, and manners ? That the 
very same foetus, if fed with more pungent food, in a higher 
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temperature, and in a vertical position, shall become a female, 
destined to enjoy love, to burn with jealousy and anger, to he 
incited to vengeance, and to pass her time without labour — that 
this very same foetus, if fed with more simple food, in a lower 
temperature, in a more confined and horizontal habitation, shall 
come forth a worker, zealous for the good of the community, a 
defender of the public rights, enjoying an immunity from the 
stimulus of sexual appetite and the pains of parturition — laborious, 
industrious, patient, ingenious, skilful, — incessantly engaged in 
the nurture of the young, in collecting honey and pollen ; in 
elaborating wax ; in constructing cells, and the like ; paying the 
most respectful and assiduous attention to objects which, had 
its ovaries been developed, it would have hated and pursued 
with the most vindictive fury until it had destroyed them ! 
F urther, that these factitious queens, thus produced from worker 
eggs treated as above described, shall differ remarkably from the 
natural queens proceeding from royal eggs in being altogether 
mute ! All this must seem so improbable, and next to impossible, 
that it would require the strongest and most irrefragable evidence 
to establish it.* 

141. It will be remembered that the princesses, when forcibly 
confined to their native cells by the workers on guard over them, 
alter they have undergone the last transformation, utter a peculiar 
sound, to the varieties of which Huber ascribes the power of the 
workers to determine their relative ages. Kirby in the observa- 
tions just quoted, refers to this, when lie indicates one of the 
distinctions between the factitious and natural queens, the former 
never, uttering these or any other sounds. 

142. Another remarkable distinction between the factitious and 
natural queens is indicated by Huber; no guard is kept at the 
doors of the cells of factitious princesses, like that which has been 
already described in the case of the cells of natural princesses. 
The factitious princesses, unlike the natural, are not detained in 
their cells after they have undergone the last transformation, but 
are allowed to issue forth, if they have not been already destroyed 
by the jealous rage of the first which comes to life. 

This peculiarity in the policy of the hive may be explained by 
the fact, that while the natural princesses are wanted to take the 
sovereignties of the successive swarms, the factitious ones are only 
produced to meet the extraordinary emergency of the hive being 
deprived of its queen, leaving behind her no royal brood, and 
since only one queen is wanted, the factitious princesses are 
allowed, and indeed encouraged, by the workers to engage in 


* Kirby, Int., vol. ii. 110. 
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martial conflict until one only survives, who assumes the throne- 
of the hive. 

143. The circumstances and anecdotes related by observers 
illustrative of the affection, devotion, and respect manifested 
towards the queen by her subjects are innumerable. In addition 
to those which we have already given, the following will be 
read with interest. 

All the devotion, it must be observed, commences only after the 
royal nuptials. A virgin queen is treated with indifference the 
most absolute. But after her marriage has been celebrated, and 
she presents herself to her subjects in the double character of 
sovereign and mother, they more than respect her. “ They are,” 
says Keaumur,* “constantly on the watch to make themselves 
useful to her, and to render her every kind office. They are for 
ever offering her honey. They lick her with their proboscis, and 
wherever she goes she lias a court to attend her.” 

144. The same naturalist relates that even the inanimate body of 
the queen is an object of tenderness and affection to the bees. He 
took one out of the water quite motionless and seemingly dead. 
It was also mutilated, having lost part of one of its legs. Bring- 
ing it home, he placed it among some workers that he had found 
in the same situation, most of which he had recovered by means 
of warmth, some, however, being still in as bad a state as the 
poor queen. Ao sooner did these revived workers perceive the 
latter in this wretched condition than they appeared to compas- 
sionate her case, and did not cease to lick her with their tongues till 
she showed signs of returning animation ; which the bees no sooner 
perceived than they set up a general lium as if for joy at the 
happy event. All this time they paid no attention to the workers, 
who were in a most miserable condition, j* 

145. In the economy of the bee, there is nothing which presents 
more difficulty to the naturalist than the satisfactory explanation 
of tlic functions of the drones. These, as lias been already ex- 
plained, are the sole male members of the society ; the queen 
being the sole fertile female ; and the workers, though female, 
exercising none of the functions of that sex, and being- limited to 
the industrial and parental duties of the society. The number of 
drones in a single society is from. 1500 to 2000, one only of whom 
can enjoy the honour of elevation to the distinguished position of 
king consort, and that one, as already explained, never surviving 
the dajr of the nuptials. AYliat then, it may well be asked, arc 
the services rendered to the community by these hundreds of con- 
sumers of the products of the industry of the society? They never 
themselves take part in the common labours. They neither - 

* Reaumur, v. 2C2. + Reaumur, v. 265. 
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collect food nor materials, nor do they aid in any way in the con- 
struction of the dwellings, nor in the care or nurture of th& 
young. In the absence of any better explanation of their vast 
number it has been said that the purpose is to insure a consort 
to the queen. Rut surely this object might be effected without 
encumbering the society with 2000 candidates for the royal 
favour. 

It has been suggested by some apiarists that the drones may 
sit upon the eggs, and by others that their use may be to develope 
heat sufficient to maintain the hive at the necessary temperature ; 
but the experiments and observations of other naturalists have set 
aside these hypotheses. 

140. Whatever be the purpose which this section of the society is 
destined to fulfil, their treatment by the people, and the manner 
in which their existence is terminated, are remarkable. 

So long as swarms continue to issue from the hive, drones are 
wanted to supply the necessary proportion of that class to accom- 
pany them. Rut after the swarming season closes, which in these 
climates it generally does towards the end of July, at least in dry 
summers, the general massacre of the drones takes place. At that 
time the bees arc seen hunting them in all parts of the hive, and 
driving them to the base upon which it stands. Soon after this 
the stand and the ground before the hive are found to be covered 
with the bodies of hundreds of the murdered drones. It was 
supposed by Rennet that no direct massacre was executed, but 
that the drones driven from the stores of their food died of 
starvation.* 

147. Huber, however, among his other numerous discoveries, 
contrived to witness, through the eyes of his faithful Rumens, 
the actual massacre. 

At the season at which the extermination usually 7 took place, 
he placed upon plates of glass six populous hives occupied by' 
swarms of the preceding year, and Rurncns lying on his back 
under the hives was enabled to witness all that took place by the 
transparency of their bases. On the 4th of July, 17b7, he wit- 
nessed the massacres which took place at the same hour in all the 
six hives. The base was crowded with bees, who appeared in a 
state of great excitement. As fast as the drones, hunted by- 
other bees from the superior parts of the combs, arrived at the 
base, the bees there assembled fell upon them, seizing them by r 
their antenna', legs, or wings, and after dragging them about with 
apparent rage, put them to death by stabbing them with their 
stings between the segments of the abdomen. The moment they 
were thus pierced, they 7 spread their wings and expired. However,. 

* Bonnet, “Contemplation de la Nature,” cliap. xxvi. part. xi. 
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as if the workers did not feel sufficiently certain of their fate, 
they continued to pierce their bodies with their stings, and often 
drove these formidable weapons in so deep that they could 
only extricate them by unscrewing them in the manner already 
described (126). 

The next day they resumed their observations, when a most 
curious spectacle presented itself. During three hours they saw 
the massacre of drones, which had been resumed with the same 
fury, continued. On the preceding day they had exterminated 
all the drones of their own hives ; but this time their attack was 
directed against those of neighbouring hives, which, having fled, 
had taken refuge in these, after the massacre of the preceding day 
had been concluded. 

Not content with this complete extermination of the drones 
themselves, the workers resorted to the cells in which drone 
nymphs were contained, which had not yet completed their final 
transformation. These they pitilessly dragged forth, killed, 
sucked the juices contained in their bodies, and then fiung the 
carcasses out of the hives. 

148. It was also ascertained by Huber, that in hives deprived of 
their queen, or in which the queen, by reason of retarded fecunda- 
tion, only laid drone eggs, no massacre ever took place. In such 
Lives the drones not only find a sure refuge, but are carefully 
nurtured and led. 

This circumstance, combined with the fact that the massacre 
never takes place until after tin; swarming season is over, seems to 
indicate the functions of the drones. They are useful only where 
candidates for the royal nuptials are likely to be wanted. 

149. The most interesting class of the bee community is also that 
which is by far the most numerous, the workers. Indeed, to this 
class all others must he regarded as subordinate, just as in human 
societies all are dependent on the producing classes. Much 
respecting their character, habits, and maimers, in relation to 
the care of their young, and the construction of the city, in a 
word in respect to their internal labours, has been already 
explained. Something now must be said of their external 
industry, directed to the collection of provisions for the com- 
munity, young and old, and of the materials necessary for the 
prosecution of all their various works, labours which have been 
illustrated by Professor Smyth in the following beautiful lines : — 


“ Thou cheerful bee ! come, freely come, 
And travel round rny woodbine bower*; 
Delight me with thy wandering bum, 
And rouse me from my musing hour. 
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Oh ! try no more those tedious fields, 

Come taste the sweets my garden yields ; 

The treasures of each blooming mine, 

The bud, the blossom — all are thine. 

“ And, careless of this noontide heat, 

I’ll follow as thy ramble guides ; 

To watch thee pause and chafe thy feet, 

And sweep them o’er thy downy sides ; 

Then in a flower’s bell nestling lie, 

And all thy envied ardour ply ! 

And o’er the stem, though fair it grow, 

With touch rejecting, glance and go. 

“ Oli, Nature kind ! Oh, labourer wise ! 

That roam'st along the summer’s ray, 

Glean’ st every bliss thy life supplies. 

And meet’ st prepared thy winter day ! 

Go, envied, go — with crowded gates 
The hive tliv rich return awaits ; 

Bear home thy store, in triumph gay, 

And shame each idler of the day.*’ 

150. The immediate objects to which the exterior industry of 
the bee is directed, are nectar , pollcji, and propolis. 

Nectar is a spccitic juice, found in certain classes of flowers, 
from which the bee elaborates honey and wax. 

Pollen is a peculiar powder, or dust, spread over the anthers of 
flowers, which constitutes the principle of fecundation of the 
flowers themselves, and is the material of which the bee makes 
bread, which serves as food both for old and young. 

Propolis is a resinous substance, evolved by certain vegetables 
which the bee uses as cement, mortar, or glue, in its architecture. 
When the bee pierces the vessels of the flowers, which, containing 
nectar, are called nectarines, and swallows that precious juice, it 
is deposited provisionally in the honey-bag already described 
(26) ; sometimes called, on that account, the flrst stomach. Here 
this nectar is converted into honey, the chief part of which is 
regurgitated, to be stored up lor future general consumption in the 
honey- cells of the combs. 

In the stomach, properly so called (26), and in the intestines, 
the bread only is found. 

How the wax is secreted, physiologists have not yet discovered 
with any certainty. It is evident, however, that the immediate 
seat of its production is within the abdomen, since the parts called 
wax-pockets, from which it is externally evolved, are rendered 
visible by pressing the abdomen so as to make it extend itself. A 
pair of quadrangular whitish pockets, of soft membranaceous 
texture, will then he seen on each of the four middle ventral, 
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segments. On these the plates of wax are formed, and are found 
upon them in different states so as to be more or less perceptible. 

151. Observe a bee, says Kirby, that has alighted on a flower. 
The hum produced by the motions of her wings ceases, 
and her work begins. In an instant she unfolds her tongue, 
which was previously rolled up under her head. With what 
rapidity does she dart this organ between the petals and the 
stamina! At one time she extends it to its full length, then she 
contracts it ; she moves it about in all directions, so that it may 
be applied to the concave and convex surface of the petal, and 
sweep them both, and thus by a virtuous theft, she robs it of all 
its nectar. All the while this is going on, she keeps herself in a 
state of constant vibratory motion. 

Flowers, though the chief, are not the only sources from which 
the bee derives the material of honey and wax. She will also eat 
sugar in every form, treacle, the juice secreted by aphides ; and, 
in line, the juice of the bodies of nymphs and of eggs of bees 
•themselves, as already explained. 

152. When the industrious little creature has filled its lioncy- 
bag with nectar, it proceeds to collect the pollen, of which it 
robs the flowers by brushing it off with the feathery hairs with 
which its body is covered. As the honey is called the nectar, so 
this pollen, or the substance bee-bread, into which it is converted, 
may be called the auwiosia of the hive. Together they con- 
stitute the food and the drink of the population. 

When the bee has so rolled itself in this larina of the blossoms 
of the garden and the held, that its whole body is so powdered 
with it, as to give it the peculiar colour of the species of flowers 
to which it happens to resort, it suspends its excursions, and sets 
about to brush its body with its legs, which, as already explained, are 
supplied with brushes for this express purpose. Every particle of 
the flower thus brushed off is most carefully collected and kneaded 
up into two little masses, which arc transferred from the fore to 
the hind legs, and there packed up into the baskets provided for 
its reception and transportation. 

Naturalists generally are of opinion that in each of its excur- 
sions a bee confines its foraging operations to a single species 
of flower. This explains the fact that the colour of their load 
after such excursions is uniform, depending on the particular 
species of flower which they have robbed of its sweets. Thus, 
according to Iteamnur, some bees are observed to return loaded 
with red pellets on their thighs, others with yellow, others 
whitish, and others with green. 

Kirby observes, that it seems probable that the bee confines its 
•operations in such excursions to flowers of the same species, and 
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that the grains of pollen which enter into the same mass should 
be homogeneous, and consequently fitted by their physical pro- 
perties to cohere with greater facility and firmness. 

153. But connected with this, another important purpose of 
nature is fulfilled, which must not here pass without special notice. 
The principle, so fruitful in important social consequences among 
animals, that the offspring owes its parentdgo jointly to two 
individuals of different sexes, or, in other words, must always 
have a father and a mother, equally prevails in the vegetable 
kingdom. There also are the gentlemen and ladies, there also 
are the loves which unite them, loves which as well as those of 
superior orders of heings have supplied a theme for poets.* Now 
among the man}' other interesting offices with which the Author 
of nature has invested the little creatures, which form the subject 
of this notice, not the least singular is that of being the priests 
who celebrate the nuptials of the llowers. It is the bee literally 
which joins the hands and consecrates the union of the fair virgin 
lily and the blushing maiden rose with their respective bride- 
grooms. The grains of pollen which we have bee n describing are 
these brides and bridegrooms, and are transported on the bee 
from the male to the female flower ; the happy individuals thus 
united in the hands of wedlock being the particular grains, which 
the bee lets fall from its body on the flower of the opposite sex, as 
it passes through its blossom. 

154. And here we find another circumstance to excite our admi- 
ration of the wise laws of that Providence, which cares for the well- 
being of a little flower, as much as for that of a great lord of the 
creation. If the bee wandered indifferently from flower to flower 
without selection, the gentlemen of one species would be mated 
with the ladies of another, hybrid breeds would ensue, and the 
confusion of species would be the consequence. But the bee, as 
knowing this, Hies from rose to rose, or from lily to lily, but never 
from the lily to the rose, or from the rose to the lily. 

155. When a bee, laden with pollen, arrives in the hive, she some- 
times stops at the entrance, and leisurely detaching it piecemeal 
from her legs, devours it bit by bit. Sometimes she passes into 
the hive and walks over the combs, or stands stationary upon 
them, but whether moving or standing never ceases flapping her 
wings. The noise thus produced, a sort of buzzing, seems to be 
a call understood by the populace within hearing, for three or four 
of them immediately approach and surround her. They begin 
to aid her to disembarrass herself of her load, each taking and 
swallowing more or less of her ambrosia until the whole is 
disposed of. 

* Darwin’s Loves of the Plants. 
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156. When more pollen has been collected than the society wants 
for present use, it is stored up in some of the unoccupied cells. The 
bee, laden with it, puts her two hind legs into the coll, and with 
the intermediate pair pushes off the pellets. When this is done 
she, or another bee if she be too much fatigued, enters the cell 
head-foremost and remains there for some time, during which she 
is occupied in diluting, kneading, and packing the bee-bread ; and 
so they proceed one after another, until the cell has been well 
packed and filled with the store of provisions. In some combs a 
large portion of the cells is filled with this ambrosia, in others, 
cells containing it are intermixed with those filled with honey or 
with bread. It is thus everywhere at hand for use.* 

The propolis, the third object of bee industry, is collected from 
various trees, and especially from certain species of the poplar. 
It is soft and red, will allow of being drawn out into a thread, is 
aromatic, and imparts a gold-colour to white polished metals. It 
is employed in the hive, as already stated, not only in finishing 
the combs, but also in stopping up every chink and orifice by 
which cold, wet, or any enemy could enter. They coat with it the 
chief part of the inner surface of the hive, including that of the 
sticks placed there for the support of the comb. It is carried by 
the bees in the same manner as is the pollen on the hind legs. 

157. The radius around their habitation, within which the bee 
industry is confined, is differently estimated, being according to 
some a mile, and according to others extending to a mile and a 
half. Various experiments prove that it is by their scent that 
the bees are guided to the localities where their favourite fiowers 
abound, 

* Kirby, Iut., ii. 151. 
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1 58. One of the many wonders r presented by tlicir economy is the 
directness and unerring certainty of their Right. While collecting 
their sweets they fly hither and thither, forward or backward, and 
right or left, as this or that blossom attracts them ; but when 
fully laden witli the spoil, though upwards of a mile from their city, 
they start for it in a course more exact than if they were guided 
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by a rudder and compass, governed by the hand of the most con- 
summate navigator. By what means this is accomplished lias 
never been explained, but connected with it is an account given 
in the “ Philosophical Transactions ” which we cannot refrain from 
quoting here. “In New England a species of wild liive-bees 
abounded in the forests about the year 1720. The following was 
the method practised for discovering their nests and obtaining 
their honey. The honey-hunters set a plate containing honey or 
sugar, upon the ground on a clear day. The bees soon discovered 
and attacked it. Having captured two or three who had thus 
gorged themselves, the hunter liberated one of them and marked 
the direction in which it. llew. He then changed his position, 
walking in a direction at right angles to the course of the bee to 
a distance of a few hundred feet, where he liberated another of 
his little captives, and noted as he fore the direction of its ilight. 
The point where the two directions thus obtained, intersected, was 
of course that to which both bees had directed their course, and 
there the nest was always found.’' 

159. The industry of the bee maj T be estimated by the average 
number of its daily excursions from the hive to collect provisions. 
According to Keaumur, if the total number of excursions be 
divided by the total number of bees in a hive, the average number 
daily made by each bee would he from five to six. But as onc- 
half of the bees are occupied exclusively with the domestic busi- 
ness of the society, either in nursing and tending the young, 
packing and storing the provisions, or constructing the combs, 
the total number of excursions must be divided, not between the 
whole, hut between only half the total number of bees, which 
would give ten excursions to each individual of the collecting 
class; and if' the average length of each excursion betaken at 
three quarters of a mile, this would give the average distance 
travelled by each collector as fifteen miles! It is estimated by 
Kirby that the quantity of ponderable matter thus transported 
during a season in a single hive would be about 100 lbs. “ What 
a wonderful idea does this give of the industry and activity of 
those useful little creatures ! and what a lesson do they read to 
the members of societies, that have both reason and religion to 
guide their exertions for the common good! Adorable is that 
Great Being who lias gifted them with instincts which render 
them as instructive to us, if wc will condescend to listen to them, 
as they are profitable.” * 

160. The plants and fiowers which form the pasturage of the 
bees are, in many countries, produced at different places at different 
seasons of the year ; and where the bees in a particular neigh- 

* Kirby, Int., ii. 155. 
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bourhood are numerous, the pasturage surrounding their hives 
often becomes exhausted. In such cases the agriculturists trans- 
port the bees from localities which they have exhausted, to others 
in a state of comparative abundance, j ust as the shepherd drives 
his sheep from field to field, according as the pasturage is eaten 
down. In Egypt, towards the end of October, when the inunda- 
tions of the Nile have ceased, and the husbandmen can sow the 
land, saintfoin is one of the first things sown ; and as Upper is 
warmer than Lower Egypt, the saintfoin gets there first into 
flower. At this time bee-hives are transported in boats from all 
parts of Egypt into the upper district, and are there heaped in 
pyramids upon the boats prepared to receive them, each being 
marked with a number which indicates its owner. In this station 
tl*ey remain for some days, and when it is considered that they 
have pretty well exhausted the surrounding fields of their sweets, 
they are removed a few leagues lower down, where they are 
retained for a like interval ; and so they descend the river, until 
towards the middle of February they arrive at its mouth, where 
they are distributed among their respective proprietors.* 

A similar practice prevails in various parts of the East and 
in Greece. The inhabitants of the towns are often the proprietors 
of fifty or sixty hives, the product of which forms an article of 
their trade. The hives arc sent in the season when the herbage 
is in flower to the various rural districts, being sealed up by the 
owner, the small bee-door only being open, and are given in 
charge to the villagers, who at the close of the season are paid for 
their care of them. Langes, consisting of live or six hundred 
hives, are often seen thus put out to grass.f 

101. Bees are remarkable for neatness and cleanliness, both as to 
their habitations and their persons. They remove all dirt and 
nuisances from their hive, with the regularity of the neatest 
housewives. When their strength is insufficient for this, they 
contrive various ingenious expedients to abate the nuisance. If 
snails find their way into the hive, as they sometimes do, they 
kill them with their stings ; and in order to prevent noisome and 
unwholesome effluvia from their decomposing remains, they 
embalm them with propolis. If the snail is protected from their 
stings by its shell, the}' bur}' it alive in a mass of propolis. 

When pressed by natural wants, they do not dclile their habita- 
tion by relieving themselves in it, but go abroad for the purpose. 

When a young bee issues from the cell, a worker immediately 
approaches, and, taking out its envelope, carries it out of the 
hive ; another removes the exuvite of the larva, and a third any 

* Reaumur, v. 60S. 

+ Willock, in c< Gardeners’ Chronicle, 1S41, p. S4. 
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filth or ordure that may remain, or any pieces of wax that may 
have fallen in when the young bee broke through its cocoon. But 
they never attempt to remove the silk lining of the cell spun by 
the larva in its first transformation, because that, instead of being 
a nuisance, gives increased solidity and ornament to the cell. 

162. Notwithstanding the amiable character and excellent poli- 
tical organisation of the bees, these little people have numerous 
enemies, with some of whom they are often compelled to wage 
offensive wars, and against others to fortify themselves, by expe- 
dients and with skill, which will bear comparison with the opera- 
tions of the most consummate military engineers. Sebastopol itself 
was not more ingeniously defended by its outworks than, in certain 
cases, bee-hives are. , 

From the curious account which Latreille has given us of 
Philanth us aniporus , a wasp -like insect, it appears that great havoc 
is made by it of the unsuspecting workers, which it seizes while 
intent upon their daily labours, and carries off to feed its young. 

163. Another insect, which one would not have suspected of 
marauding propensities, must here be introduced. Kuhn informs 
us, that long ago (in 1799) some monks who kept bees, observing 
that they made an unusual noise, lifted up the hive, when an 
animal Hew out, which, to their great surprise, no doubt, for they 
at first took it for a bat, proved to be the death’s-head hawk-moth 
( Acherontia atropos ), already celebrated as the innocent cause of 
alarm ; and he remembers that several, some years before, had been 
found dead in the bee-houses. M. Huber also, in 1804, discovered 
that it had made its way into his hives and those of his vicinity, 
and had robbed them of their honey. In Africa, we are told, it 
has the same propensity ; which the Hottentots observing, in 
order to monopolise the honey of the wild bees, have persuaded 
the colonists that it infiicts a mortal wound. 

This moth has the faculty of emitting a remarkable sound, 
which he supposes may produce an effect upon the bees of a hive, 
somewhat similar to that caused by the voice of their queen, 
which as soon as uttered strikes them motionless, and thus it may 
be enabled to commit with impunity such devastation in the midst 
of myriads of armed bands. 

The larvae of two specie's of moth ( Galleria cereana and Mello - 
nella) exhibit equal hardihood with equal impunity. They, 
indeed, pass the whole of their initiatory state in the midst of 
eombs. Yet, in spite of the sting of the bees of a whole republic, 
they continue their depredations unmolested, sheltering themselves 
in tubes made of grains of wax, and lined with silken tapestry, 
spun and woven by themselves, which the bees (however disposed 
they may be to revenge the mischief which they do to them, by 
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devouring what to all other animals would be indigestible — their 
wax) are unable to penetrate. These larva) .are sometimes so 
numerous in a hive, and commit such extensive ravages, as to 
force the poor bees to desert it and seek another habitation.” * 

164. Huber gives the following most interesting account of 
the measures taken by his bees, to fortify themselves against the 
incursions of the death’s-head moth. 

When he found his hives attacked and their store of honey 
pillaged by these depredators, he contracted the opening left for 
the exit and entrance of the bees to such an extent, as while it 
allowed them free ingress and egress, it w r as so small that their 
plunderers could not pass through it. This was found to be per- 
fectly effectual, and all pillage was thenceforward discontinued 
in the hives thus protected. 

16d. But it happened that in some of the hives this precaution 
was not adopted, and here the most wonderful proceeding on the 
part of the bees took place. Human contrivance was brought into 
immediate juxtaposition with apiarian ingenuity. 

The bees of the undefended hives raised a wall across the gate 
of their city, consisting of a stiff cement made of wax and propolis 
mixed in a certain proportion. This wall, sometimes carried 
directly across and sometimes a little behind the door, first com- 
pletely closed up the entrance ; but they pierced in it some 
openings just large enough to allow two bees to pass each other in 
their exits and entrances. 

The little engineers did not follow one invariable plan in these 
defensive works, but modified them according to circumstances. 
In some cases a single wall, having small wickets worked through 
it at certain points, was constructed. In others several walls were 
erected one within the other, placed parallel to each other, with 
trenches between them wide enough to allow two bees to pass 
each other. In eacli of these parallel walls several openings or 
wickets were pierced, but so placed as not to correspond in posi- 
tion, so that in entering a bee would have to follow a zigzag 
course in passing from wicket to wicket. In some cases these 
walls or curtains were wrought into a series of arcades, hut so 
that the intervening columns of one corresponded to the arcades of 
the other. 

The bees never constructed these works of defence without 
urgent necessity. Thus, in seasons or in localities where the 
death’s-head moth did not prevail, no such expedients were 
resorted to. Nor were they used against enemies which were 
open to attack by their sting. The bee, therefore, understands 


* Kirbv, vol. i. p. 130. 
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not merely tlie art of offensive war, and can play the part of the 
common soldier, Imt i s a l so a consummate military engineer; 
and it is not against the death’s-head moth alone that it shows 
itself capable of erecting such defences. 

160. Thinly peopled hives are sometimes attacked by the popu- 
lation of other bee cities. In such cases, incapable of immediate 
defence by reason of their inferior numbers, they erect similar 
fortifications, but in this case they make the wickets in the walls 
so small that a single worker only can pass through them ; and a 
small number stationed on the inside of these openings, are accord- 
ingly sufficient to defend the hive against the attack of largo 
besieging armies. 

167. But when the season for swarming arrived, these works of 
defence, whether constructed against the invasion of the moth or 
hostile bees, became an impracticable obstruction to the exit of 
the succession of emigrating colonies, and were therefore demo- 
lished, and were not reconstructed without pressing necessity. 
Thus the works constructed in 1 HO i against the invasions of the 
moth were taken down in the swarming season of 180.3 ; and as 
the plunderers did not re-appear in that year, they were not re- 
erected. But in the autumn of 1807, the moths appearing in 
great numbers, the bees immediately erected strong barricades, 
and thus effectually prevented the disaster with which their 
population was menaced. In the next swaiming season, in May 
1808, these works were again demolished. 

It ought to be observed, that whenever the door of the hive 
is itself too small to admit the moth, the bees erect no defences 
against it. * 

168. One of the most interesting and, at the same time, most 
difficult question connected with the faculties of insects, is that of 
the number and nature of tlieir senses. It has been often and truly 
said, that no being, however intelligent, can form even the most 
obscure notion of a sense of which he is himself deprived. The 
man deprived of sight, to whom the colour scarlet was elaborately 
described, said that his notion of it was that of the sound of a 
trumpet. Granting then the possibility that insects may be 
endowed with a peculiar sense, or mode of perception, of which 
we arc destitute, we arc in no condition to form a conception 
of the power or impressions of such a sense, any more than the 
blind man was who attempted to acquire a conception of a red 
colour. 

But without supposing the possible existence of peculiar senses 
independent of the five with which we are endowed, it may be 
that the very organs which we possess may be given with an infi- 

* Huber, ii. 293—298. 
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nitely higher degree of sensibility to these minute species. Their 
auditory organs may be such as to give them the power of ear- 
trumpets, and their eyes may be cither microscopic or telescopic, 
or both united. Their olfactory organs may have a susceptibility 
infinitely more exalted than ours, as indeed innumerable facts 
prove those of many species of inferior animals to be. Art and 
science have supplied us with numerous tests, by which the 
phj r sical properties of substances are distinguished, by characters 
which escape all our senses. Why may not the Creator have 
given to inferior animals specific organs, capable of perceiving 
those distinctions, as surely and promptly as the eye distinguishes 
shades of colour, the nose varieties of odour, or the ear the pitch 
of a musical note Y 

109. Among social insects, the liive-bcc stands preeminent for 
the manifestation of sensitive faculties. Sight, touch, smell, and 
taste, are universally accorded to it. Hearing was regarded as 
doubtful, but we have shown that a noise produced at any side of 
a hive, will immediately bring there the queen and her court, to 
see what is the matter. 

But if the sensibility of the ear be doubted, what exaltation 
of power do we not find in the eye ’. How unerring is the per- 
ception of her dwelling, while the bee lies at distances and under 
circumstances, which might well appear to bailie the most acute 
human organ, aided even by human intelligence ! The little bee, 
issuing from her hive, departs upon her industrial excursion, and 
iiies straight to the iicld which she has already discovered to be 
most fertile of honey flowers. Her route to it is as straight as 
the flight of a bullet from a gun to the object aimed at. When 
she has gathered her load, she rises in the air, and, Hying 
back to her hive with the same unerring certainty, finds it 
among many, and entering it, finds the cells which are appro- 
priated to her care. 

The sense of touch is, perhaps, even more to be admired than 
that of sight, for it supplies the place of that sense in the darkness 
of the internal labyrinth of the hive. In darkness the architec- 
ture of the combs is constructed, the honey is stored in the cells 
appropriated to it, the young arc nourished, their food being 
varied with their respective ages, the queen is recognised, — and 
all this appears to be accomplished by some sensitive power 
possessed by the antenme, organs whose structure, nevertheless, 
seems to be incomparably inferior to that of the human hands. 

The industrial activity of the bee is much less excited by 
warm weather and bright sunshine, than by the prospect of col- 
lecting an abundant supply of provisions for the hive. When 
the lindens and the buck- wheat are in flower, they brave the rain 
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and cold, commencing their excursions before sunrise, and con- 
tinuing their work much later than their customary hours. But 
when the flowers rich in pollen and nectar prevail in less abund- 
ance, and when the scythe has swept away the flowers which 
enamelled the fields, even the brightest sunshine and the warmest 
days fail to attract the industrious population to go abroad. 

170. Of all the senses of the bee, that of smell appears to be the 
most acute. Certain odours have an irresistible attraction for 
the insect, 'while others are in the same degree repugnant to it. 
Of the former, as might naturally be expected, honey is by far 
the most exciting. It was supposed by Iluber, not without much 
probability, that the bee is attracted to this or that flower, not 
by its colour, form, or other visible properties, but by the odour 
of the nectar it contains. To test this experimentally, Huber put * 
some honey in a box, so as to be invisible from the outside, and 
placing it in the neighbourhood of his hives, found that the bees 
crowded round it in a few minutes, finding their way to the honey 
through a small hole left for the purpose. 

171. Hg next made several small entrance holes in a box con- 
taining honey, but covered each hole with a sort of card valve, such 
that it would be possible for a bee to raise it and enter the box. 
The box thus prepared was placed at two hundred yards from the 
hives. In half an hour the bees found it, crowded in great 
numbers on every side of it, examining carefully every part, as 
if to seek for an entrance. At length, finding the valves, they 
set to work at them, and never ceased until they succeeded in 
raising them, when they entered and took possession of the spoil. 

How exquisitely acute must be their olfactory organs will be 
apparent, when it is considered that, in this ease, the box and 
valves must have confined very nearly the whole effluvia of the 
honey. 

172. The following remarkable proof of the tenacity of memory 
with which the bee is endowed, is given by Huber. A supply of 
honey had been placed in autumn upon an open window. The 
bees had the habit of coming to feast upon it. This honey being 
removed, the window was closed, and remained closed during the 
winter. In the following spring the bees again found their way 
to the same window, expecting again to find a supply there, 
although none had been placed there. It is evident in this case, 
that the insect must have been guided by its memory alone, and 
that it was capable of retaining a recollection of places and cir- 
cumstances for several months. 

173. Huber made several curious and interesting experiments to 
determine the seat of the sense of smell. If, as was natural to 
expect, it were situate in some of the appendages of the mouth, 
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it would be deadened by stopping these, as we defend ourselves 
from a noisome odour by stopping the nose. Catching several 
bees he, therefore, held them while he stopped their mouths and 
probosces with flour-paste, and liberating them when the paste 
was hardened, he found that they no longer showed any sign of 
the possession of a sense of smell. They were neither attracted 
by honey, nor repelled by objects whose odours were known to be 
most repugnant to them. 

174. Among the substances to whose odour the bee shows the 
strongest repugnance, is its own poison. This was demonstrated 
by Huber by very remarkable experiments. Having provoked 
the insect to put forth its sting, and eject its poison, he presented 
this offensive juice on the end of a sharp instrument to some 
worker bees, which were quietly resting at the door of their 
hive. A general agitation was immediately manifested among 
them. Some launched themselves on the poisoned instrument, 
and others fell upon the individual who held it. That it was 
not the instrument itself which in this case provoked their rage, 
was proved by the fact, that a similar one, bearing no poison, 
being presented to them , did not produce any effect. 

175. An inconvenient elevation of temperature and want of ven- 
tilation will sometimes impel the bees to leave their combs, but if 
they are excited to remain upon them by the want of feeding, they 
know how to reconcile the conflicting impulses. In that case they 
produce coolness and change of air without deserting the provisions 
which surround them, or the care of their young. A certain num- 
ber of the insects begin to flap their wings, which are thus used 
as fans, producing currents of air. But as they are not able to 
sustain this labour for an indefinite time, they take it by turns, 
regularly relieving each other. 

To try what the conduct of the bees would be, if by artificial 
means the ventilation of the hive were so impeded that the usual 
small number oi fanners would not suffice, lluber submitted hives 
to such unusual conditions, and found that in such cases the 
number of bees flapping their wings was augmented in the same 
proportion as the ventilation was impeded, until at length the whole 
population of the hive were thus occupied. 

17(5. The antipathy which bees manifest against particular indi- 
viduals, is generally ascribed to some odour proceeding from their 
persons to which the insect bears a repugnance. M. de Hafor, of 
the Grand Duchy of Baden, had been for many years an assiduous 
cultivator and amateur of bees, and was on such friendly terms 
with them that he could at all times approach them with impunity. 
He would, for example, put his fingers among them, select the 
queen, and taking hold of her, place her on the palm cf his 
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hand. It happened that this gentleman was attacked with a 
violent and malignant fever, which long confined him to his bed 
and his house. Upon his recovery he, naturally enough, revisited 
his old friends the bees, and began to caress them and renew his 
former familiarity. 

Ho found, however, to his surprise and disappointment, that he 
was no longer in possession of their favour, and instead of being 
received as formerly, his advances were resented as an unwel- 
come and irksome intrusion ; nor was he ever afterwards able to 
perform any of the usual operations upon them, or to approach 
them without exciting their rage. 

177. According to l)r. Bevan and M. Bcburier, both close and 
accurate observers of the habits of the insect, red and black -haired 
persons are peculiarly obnoxious to it. Bcburier mentions a 
mastiff to which his bees had a particular aversion, pursuing him 
into the house with such pertinacity, that doors and windows 
were obliged to be closed for his protection. 

Dr. Bevan mentions that he had two friends, brothers, one of 
whom was so inoffensive to the bees, that he could stand with 
impunity over the hive and w r ateh all their doings, while the 
other could scarcely enter the garden with impunity. 

178. The antenme are generally regarded as the proper organs 
of the tactile sense, and hence are popularly, though not properly, 
called feelers, — the feelers being in fact the palpi already men- 
tioned. Naturalists arc not agreed as to the functions of the 
antenme, though all concur as to their importance. Some con- 
sider them as organs of smell, others as organs of hearing; while 
others claim for them the place of organs of a sixth sense, of 
which mail and the higher animals are destitute. This sense is 
considered by Kirby as an intermediate faculty between sight and 
hearing, rendering the insect sensible of the slightest movement 
of the circumambient air. Dr. Evans, as quoted hy Dr. Bevan, 
in reference to the faculty conferred on the bee by the antennoe, 
says, — 

“ The same keen horns, within the dark abode, 

Trace for the sightless throng a ready road ; 

While all the mazy threads of touch convey 
That inward to the mind, a semhlant day.” 

The antenme, and the two pair of palpi, would seem to have 
correlative and complementary functions : they arc both in con- 
stant motion. The palpi are in reality the feelers, in the proper 
sense of the term ; as is apparent hy observing the manner in 
which the insect applies them to the food before eating it. 

179. Cuvier considers the organs of taste in the bee to consti- 
tute one of its most important characters. The sensibility of these 
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organs is manifested by the delicate choice of food which the 
insect makes, showing a preference for those dowers, wherever 
they can be found, which yield the finest honey. Hence the cele- 
brity of the honey of Narbonne, Ilymettus, Ilybla, and Pontus. 

180. Numerous indications show that the bee possesses the 
sense of hearing. The manner in which they are attracted to any 
quarter of the hive where an unusual noise is produced, has been 
already mentioned. l)r. Bevan mentions some curious examples 
of their power of hearing, and even of the sense they seem to 
attacli to particular vocal sounds. Tlius he mentions an old 
dame of his acquaintance, who was a very fearless operator in the 
treatment of these insects, and who used to suppress any move- 
ment of anger on the part of the bees merely by saying to them, 
“Ah! would you dare?” A servant of Hr. Knight, the well- 
known apiarian, used to quell their anger by exclaiming, “Get 
along, you little fools ! ” 

Some difference of opinion lias nevertheless prevailed as to the 
existence of this sense in insects. The opinion of Linnaus and 
Bonnet was against it. Hany evidences, however, may be adduced 
in favour of its existence. Thus, one grasshopper will chirp in 
response to another, and the female will bo attracted by the voice 
of the male. Brunelli shut up a male in a box, and allowed the 
female her liberty ; as soon as the male chirped she fiew to him 
immediately. A bee on the window within a bee-house will 
make a responsive buzz to its fellows on the outside.* 

181. The indications of a keen sense of vision, in the certainty 
and precision with which the bee fiies to its pasturage and back 
to its hive, have been already mentioned. Naturalists, however, 
are not agreed as to the particular power of the eyes of these 
insects. Some, for example, contend that their sight is extremely 
short, and that 

Its feeble ray scarce spreads 
An inch around ; 

while others contend that its vision of near objects is obscure and 
imperfect, hut for distant ones quite distinct. Thus Butler and 
Wildman say that they have observed the bees go up and down 
seeking the door of the hive, as if they were in the dark ; but 
Bevan observed that they easily discovered it by rising on the 
wing, and thus throwing themselves at a greater distance 
from it. 

182. Among the mysteries of the social economy of the bee, there 
is perhaps nothing more curious than the circumstances which, 
in certain cases, appear to affect the personal character of the 

* Bevan, p. 362. 
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sovereign. We have already explained that there are certain 
periods in the life of the queen, during which she produces eggs 
of certain sorts, — at one period those only of workers, at another 
those only of drones. But if the epoch of her nuptials be post- 
poned to a certain advanced period of life, at which, if we may 
be allowed the expression, she begins to approach the condition 
of an old maid , a singular change is found to have taken place in 
her constitution, in consequence of which she is no longer capable 
of having any but male offspring, in other words, she is incapable 
of laying any but drone eggs. 

183, Now since such a queen is obviously incapable of discharg- 
ing those functions, which are indispensable to the continuance of 
the population over which she presides, and of whose young she 
ought, in the ordinary course of nature, to be common mother, it 
might be inferred that the instincts of the insects would lead 
them to disembarrass themselves of a sovereign, incapable of 
discharging the most important functions of her office, and to 
substitute for her, as we know they always have the power to 
do, one who should enjoy the plenitude of these functions. 

184. Among the innumerable experiments of Iluber, thoso are not 
least interesting which w r erc directed to this point, that is to say, 
to submit the faculties of the queen to tests supplied by artificial 
means, contrived for placing her in social conditions, in which it 
could scarcely ever happen that she should find herself in the 
common course of hee-nuture. 

The first question which suggested itself to the great naturalist, 
was to ascertain whether queens, who thus married so late in life 
as to have only drone offspring, would exhibit the same spirit 
of jealous hostility towards the tenants of royal cells, and the 
future aspirants to thrones, as is invariably manifested by younger 
royal brides. To determine this it was necessary to place such a 
queen in a queenless hive, in which, however, there was at least 
one royal cell tenanted by a princess. Huber, therefore, placed the 
queen, who had not married until she had bordered upon old 
maidenhood, in a hive which had no queen, but in which there 
was one royal cell occupied by a princess. The old bride, whose 
nuptials had not been celebrated until she had attained the 
twenty-eighth day of her age, laid nothing of course except drone 
eggs. On being placed in the hive she exhibited none of the 
usual signs of hostility against the royal cell. On the contrary, 
she passed and repassed it many times a day without seeming to 
take the least notice of it, or to distinguish it in any way from the 
numerous cells which surrounded it on every side. In such of 
these latter cells as were unoccupied she deposited eggs, and not- 
withstanding the jealous guard which the workers kept around 
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the royal cell occupied by the princess, the queen did not appear 
either to show a disposition to attack the imprisoned princess, or to 
fear any attack on the part of the latter. 

185. Meanwhile the workers exhibited towards the queen the 
same respect and homage, lavished upon her the same affectionate 
cares, offered her honey, and formed round her in the same respect- 
ful circle, as they are wont to do round a sovereign possessing all 
the functions necessary to perpetuate the race. 

It appears, therefore, that the postponement of the royal nuptials 
beyond a certain age, while it deprives the queen of the faculty of 
having any but male offspring, also deprives her of that instinctive 
feeling of jealous hostility towards rival queens, which forms a 
trait so remarkable in the characters of queens, whose nuptials 
take place at an earlier and more natural age. 

To those who regard these little creatures as mere pieces of 
mechanism, obeying unreflecting impulses, having purposes always 
directed to the fulfilment of some important end in their economy, 
it will doubtless be surprising that members of the community so 
useless as those x>rincesscs, who postpone their nuptials until they 
are incapable of bearing worthier offspring, should not be destroyed 
as the drones are, after they cease to be useful. So contrary to 
this, however, is the fact, that no royal bride, however young, is 
the object of solicitude more tender, affection more sincere, and 
homage more profound, than those drone-bearing mothers. “ I 
have seen,” says Huber, “ the workers lavish the most tender care 
upon such a queen, and, after her decease, surround her inanimate 
body with the same respect and homage as they had paid to herself 
while living, and, in the presence of these beloved remains, refuse 
all attention to young and fertile queens who were offered to 
them.” * It must be admitted that this looks much more like the 
tenderness of moral affection than the mechanical impression of 
blind instinct. 

186. We have already stated that the royal nuptials are always 
celebrated in 'the air, and under the bright beams of the sun, 
where the bride rises with her numerous suitors, and makes her 
choice. This bridal excursion into the fields of ether is so inti- 
mately interwoven with the customs of these little people, that if, 
by cutting off her wings before her nuptials, her majesty is de- 
prived of the power of fiight, she is consigned irretrievably ^to a 
life of single blessedness, since she can never submit to nuptials 
celebrated in the recesses of the hive, instead of the gay and 
bright sunshine of the free air. 

* It will be observed that, according to the general habit of the blind, 
Huber uses the language of vision, and describes what lie saw with the 
eyes of Rerncns as if he had seen them with his own. 
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Lest it might be imagined, as indeed Swammerdam supposed, 
that the marriage is really consummated in this case in the hive, 
and that her majesty is only rendered sterile by the mutilation 
she has undergone, Huber cut off the wings of a queen imme- 
diately after the royal nuptials, but before her majesty had yet any 
offspring. In this case, however, her fertility was as great as usual, 
and she produced the customary number and variety of eggs. 

187. One of the questions in insect physiology, which has been 
attended with a certain degree of doubt, is that which regards 
the functions of the antenna?. Huber, therefore, desiring to 
ascertain how the queen would be affected by the privation of 
these organs, cut off first one and then both, observing the conduct 
of her majesty after such mutilation. 

The excision of one only of the antenna? produced no dis- 
coverable effect upon her faculties or conduct, but the amputation 
of both was followed by some very remarkable consequences. 

The antenna?, of a queen of limited fertility, who was incapable 
of having other than drone offspring, were cut oft’. From the 
moment she lost these organs she appeared to be affected by a 
sort of delirious intoxication. She ran over the combs with extra- 
ordinary vivacity. She did not give her suite, who formed the 
usual circle around her, time to make way for her, but rushed 
madly through them, violently breaking their ranks. She did 
not deposit her eggs in cells, but dropped them at hazard. The 
hive not being very full, there were parts of it unoccupied by 
combs. To these parts she rushed, and remained there a con- 
siderable time quiescent, appearing to avoid the presence of her 
subjects. Some of them, nevertheless, followed her to these 
deserted places, and eagerly testified their solicitude for her, 
caressing her, and offering her honey. This she generally 
declined ; and when now and then she seemed disposed reluctantly 
to accept it, she appeared to lose the power of presenting her 
proboscis to receive it, directing that organ at one time to the 
head and at another to the legs of the workers, so that it was 
only by chance it encountered their mouths. She would then 
run back to the combs, and from the combs to the glazed sides of 
the hive, in wild delirium, never ceasing to drop her eggs here 
and there as she went along. 

At other moments she seemed to be tormented with a desire to 
quit the hive, and rushed to the door for that purpose, but the 
orifice being too small to allow her body to pass through it, she 
was forced to desist, and returned to the interior. Notwithstand- 
ing this state of delirium, the hoes never ceased to lavish upon 
her those cares which they are accustomed to bestow on their 
queen ; but she received them with indifference. 
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Whether all this singularity and eccentricity of conduct was to 
be ascribed to the excision of the antenna), or to that mutilation, 
combined with the partial sterility which limited her offspring to 
drones, was not clear. To decide this point, Huber amputated 
the antennae of a perfect queen, married at an early age, and who 
was bearing a numerous offspring, consisting of workers, drones, 
and princesses. This queen he placed in the same hive with the 
former, with a view to determine at once two questions, the one 
relating to the general conduct of the amputated queen, and the 
other, that which regarded the mutual bearing of two mutilated 
personages. 

The general conduct was the same as that of the former queen. 
There was the same wild delirium ; the same rushing here and 
there as if under the influence of intoxication ; the same efforts to 
escape from the hive; and, in a word, the same peculiarity of con- 
duct and manners. A like difference was apparent in their con- 
duct towards each other. Instead of entering into deadly combat, 
as queens in their natural stato would have done'in like circum- 
stances, they met and passed each other again and again without 
the slightest indication of mutual hostility. This is perhaps the 
strongest proof which can be obtained, that the privation of the 
antenme utterly subverted their natural instincts. 

Another curious social anomaly was manifested on this occasion. 
It will be recollected that where a strange queen is introduced 
into a hive over which a regular sovereign already presides, the 
population surround her, coniine her as a prisoner within a ring 
of sentinels, and refuse to permit her to enter their city. In the 
present case, no such measures were adopted. On the contrary, 
the second mutilated queen was received with the same signs of 
•welcome, and immediately became the same object of attention 
and homage as the first. 

Hut the most wonderful fact of all those developed in this 
scries of experiments, was that when a third queen in the perfect 
state, without mutilation, was introduced, the bees who had 
already treated the other tw T o so well, immediately proceeded to 
maltreat this third and perfect queen. They seized her, dragged 
her about, bit her, and so closely surrounded her as to leave her 
room neither to move nor to breathe. 

Having observed the apparent desire of these mutilated queens 
to issue from the hive, which they were only prevented from 
doing by the limited magnitude of the door, and desiring to see 
whether the bees or any considerable number of them would 
depart with her, as they would do with a perfect queen, Huber, 
after taking away the two queens who were sterile, or partially 
so, and leaving her wdio was fruitful in all respects, but deprived 



of her antenna), he enlarged the door so as to allow her free 
passage through it. So soon as this was done, she went out, and 
took flight, but not a single bee accompanied her. She was, 
moreover, so heavy, being full of eggs, that she was not able long 
to sustain herself on the wing, and fell to the ground. 

Various conjectures are made by Huber to explain this singular 
departure from the prevailing habits of the insect, but none of 
them appear so satisfactory as to require to be reproduced. 
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CHAPTER VII. 

188. Apiculture. — 189. Suitable localities an<l pasturage. — 190. The 
Apiary. — 191. Out-door Apiary. — 192. Bec-liouse. — 193. Cabinet 
bee-houses. — 194. Form and material of hives. — 195. Village hive. — 
396. English hive. — 197. Various forms of hives. — 198. Various 
forms of bee-boxes. — 199. Bee-dress ami other accessories of apicul- 
ture. — 200. Purchase of hives. — 201. Honey harvest. — 202. Honey 
and wax important articles of commerce. — 203. Various sorts of wild 
honey. — 204. Periodical migration of bees. — 205. Poisoned honey. 
— 200. Maladies of bees. — 207. Curious case of abortive brood. — 
208. Superstition of bee cultivators. — 209. Enemies of bees. — 210. 
Attacks of bees when provoked. — 211. Anecdote of Mungo Fark. — 
212. Anecdote of Thorley. — 213. Bee wars. — 214. Curious case of a 
battle. 

188. Aviculture is tlio name given to the art by which the 
products of the industry of the bee are augmented in quantity, 
improved in quality, and rendered subservient to the uses of man. 

189. The most favourable localities for the practice of apicul- 
ture are of course those of whicli the climate is suitable to the 
habits and character of the insect, and which most abound in those 
vegetable productions on which it loves to feed. Among these 
the principal are saintfoin, Dutch clover ( trifolium repens ), buck- 
wheat, rape, honeysuckle, clover (trifolium pratensc) y and yellow 
trefoil (mcdicayo lupulina ). According to Dr. Bevan, the earliest 
Laudner’s Museum of Science. h 97 
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resources of the bee are, however, the willow , hazel , osier , poplar , 
sycamore , and plane ; to which may he added, the snow-dr op, 
crocus , ir/nfo? alyssum , laurustinus , orange and lemon trees , 
gooseberry and currant and raspberry bushes , marjoram, 

winter-savory , thyme , and In a word, fruit-trees and green- 

house plants and shrubs in general, such especially as abound in 
ornamental grounds, all constitute a part of bee-pasturage. 

“ First the gray willows’ glossy pearls they steal, 

Or rob the hazel of its golden meal ; 

While the gay crocus and the violet blue 
Yield to the flexile trunk ambrosial dew. 

Evans, quoted by Bevan. 

An undulating country is highly favourable to the bee. 

190. The apiary should be near the dwelling-house, in the garden, 
and in a position sheltered from unfavourable winds. The farm 
and poultry-yard should be avoided, as well as too great proximity 
to railways, forges, factories, bakehouses, workshops, and the like. 
The bee loves tranquil spots, planted with ornamental shrubs 
and fruit-trees, and sown with sweet flowers, such as mignonette, 
thyme, mint, rosemary, &c. The aspect of the apiary may be 
east, west, or south, according as the one or other affords best 
shelter, but never north. 

191. The hives should be placed on separate stands, a few feet 
apart, should be clear of any wall or fence, and elevated eighteen 
inches or two feet above the ground. 

Hives are sometimes assembled together in the open air, 
forming an out-door apiary, such as is shown in fig. 54, p.l, in 
which case they are generally made of straw, and protected in cold 
weather by straw roofs, but sometimes also formed of wooden 
boxes, as shown in the figure. 

This arrangement, having the advantage of simplicity and 
cheapness, is most commonly adopted, especially by those to whom 
economy is important, and in w T arm climates where shelter is less 
necessary. 

192. Under other circumstances hcc-housos are much more 
strongly recommended, as well for comfort and convenience as for 
security. The bee-house, one form of which is shown in fig. 55, 
p. 33, consists of two or more rows of shelves, established one 
above the other, on which the hives are placed at distances of 
from twelve to eighteen inches apart, so that the bee-doors shall 
he from two to three feet asunder. The house should be thatched 
not only on the roof but on the sides and ends. A passage should 
be provided for- approaching the hives behind, and windows in the 
side for ventilation. 

193. A form called the Cabinet bee -house is shown in fig. 56, 
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p. 65, where b b are doors, one of which is glazed, and a a pipe 
■of tin or caoutchouc, by which the bees have ingress and egress. 

194. Hives have been constructed of different materials, as straw, 
■osiers, rushes, sedges, wood, and earthenware ; and of still more 
various forms, some being bell- shaped or conical, some cylindrical, 
some square in their section, some with rectangular and some with 
oblique tops, being internally divided by comb-frames fixed or 
movable, by shelves, and other expedients. 

Their forms of structure depend in some degree upon the object 
•of the proprietors. AVhen apiculture is prosecuted on a large 
•scale for the produce of honey and wax, as articles of trade, the 
foreign cultivators prefer hives of the most simple forms and 
most easy construction, and those from which the products can be 
obtained with most facility. The material preferred is, generally, 
•straw or rushes. The process of making such a hive is indicated 
in fig. 57. 



Fig. 01. — Movable conib- 
Fjg. ;>7. — Process of making frame of the village 
a straw hive. hive. 



Fig. Top of the 
cylindrical body of 
the village hive. 


195. The bell-shaped straw hive, called the village hive, repre- 
sented on the right of fig. 58, p. 49, is cylindrical in the body, 
and surmounted by a bell-shaped cap. The top of the cylindrical 
body is covered by a frame of bars, shown separately in fig. 59, 
and the cap itself is shown in fig. GO. 



One of the movable comb-frames is shown in fig. Gl, where a 
is the vertical section of the stage, shown by plan in fig. 59 ; b 
the uprights, and c a shelf shown in vertical section. 

n 2 
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196. The English hive of Dewhurst, having a box at the top, is 
shown in tig. 62 ; where a is the body of the hive, n the opening 
at the top, and c the box provided with shutters. 

197. In fig. 63, p. 81, is shown a form of straw hive used in 
Scotland, and in fig. 64 the lladouan hive, similar in form to 
the village hive, hut provided with movable pieces, by placing 
which successively below it, its elevation can be gradually 
augmented without disturbing the superior part, so as to give 
increased space to the bees and prevent the issue of swarms. 

A form of hive much used in the South of Erance, and known 
to French apiarists as the Vulgar Hive (lluchc Vulgaire), is shown 
on the left of fig. 58, p. 49, in the process of transferring the bees 
from one hive to another. 

A form of cork hive used in the South of France is shown in 


BEE-HOUSES. 

In Greece and Turkey a hive of earthenware, known as that of 
della ltocca, is much used, fig. 67. 

Straw hives have the advantage over wooden boxes in being 
better non-conductors of heat, and therefore preventing immo- 
derate cold in winter and immoderate heat in summer in the 


. 
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Fig. TO. — lhitteau’s boe-box, with Fig. 71. — (ielieu's bee-box, with vertical 

horizontal divisions. division. 


interior. They are on this account preferred where the apiary is 
uncovered. 

198. When apiculture is practised partly for the purpose of 


1st 


Fig. 72. — Feburier’s boo-box, with vertical Fig. 7.‘b— Hubei ’s experimental 

division and sloping roof. leaf-hive. 

observing the habits of the insect, boxes with divisions and 
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Fig. T4. — Dcbe.'iuvoy’s bee-box, with 
sloping root' and shelves. 
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Fig. 78.* — Lefobvre’s box, with mov* ’ Fig. 79. — Uamet’s bee-box, 
able frames, a, a frame drawn out. with oblique horizontal 

divisions. 




Fig. SO. — One of the divisions by 
which fig. 79 is elevated, with 
a movable frame, a, drawn 
out. 

Fig. SI. — Uamet’s bee box, with 
divisions and movable frames. 

from ono hive to another by smoking them, is indicated, and also 
the method of hiving a swarm. 



of fig. 81. Fig. S3. — Frame oi Fig. 84.— Side of fig. 81, with 

fig. 81. its movable frame. 

199. In the practical details of apiculture there are many 
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accessories, some of which are of occasional, and others of 
constant use. 

The bee-dress , fig. 8G, is a sort of armour, by which the operator 
is protected from all hostile attacks of the insect. It is usually 
made of Scotch gauze, or catgut, and so formed as to inclose the 
head, neck, and shoulders, as shown in fig. 76, p. 17, where a 
person invested with such a dress is represented in the act of 
hiving a swarm. It should have long sleeves to tie round the 
wrists over a pair of thick gloves, and the body should descend 
Fi s" Fi<* ss ^ ow enou n'k t° he tied round the waist. Thick 

im t, ‘ woollen stockings and a woollen apron are recom- 
mended, the material being one from which the 
bee can readily withdraw its sting. 

Knives of different forms (figs. 87, 88) should 
be provided, for the partial removal of the honey- 
combs, when the smothering process is not re- 
sorted to. 

A bellows connected with a fumigator (fig. 80) 
for projecting tobacco-smoke into those parts of 
the combs from wdiich it is desired to expel the 
bees, should be provided. 

A hive with a handle for mixing swarms is 
often useful (fig. 90). 

A basket, with an open bottom, placed over 
a tub for the purpose of draining the honey-combs, is also a 
convenient accessory (fig. 91). 

200. A hive should, in general, be purchased in autumn, and 
its value will be pretty well ascertained by its weight. That of 
a good hive which will be sure to go through the winter, and 
to be productive in the ensuing season, should be from 25 
to 30 lbs., and should contain about a peck of bees. If the 
weight be much greater than 30 lbs., a part of the honey 
may be advantageously taken out. Hives are to be preferred 
which are only a year old, and which have sent out no more 
than a single swarm. Such will be distinguished by the 
superior whiteness and purity of the combs. The transport 
should be made in cool weather, and should be conducted without 
shocks or jolts. 

201. Honey should never be taken from any but the nearest and 
most populous hives. If they are provided with movable comb- 
frames, it is usual to make a partial harvest in May, the principal 
stores of the insect being collected between the middle of May and 
the end of June, the commencement and termination, however, 
varying three or four weeks, according to the climate peculiar to 
the locality. 
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Dr. Bevan recommends, as a general rule, that no honey should 
be taken from a colony the first year of its being planted. 

Fig. oo. 



To make a partial collection of honey, the hive is opened at the 
top or at the side, and the bees expelled from the combs by puffing 
tobacco-smoke upon them. The combs arc then cut away with 
knives of suitable forms (figs. 87, 88). This operation requires 
to be performed with skill and care, so as to avoid as much as pos- 
sible irritating the bees. To withdraw the queen from the part of 
the combs which are to be removed, the operator taps with his 
fingers on the opposite part of the hive, which will cause her 
majesty to run there, to ascertain the cause of the noise. If any 
bees are seen upon the combs removed, they ma} r be brushed off 
with a feather, when they will ge nerally return to the hive. The 
combs taken away are replaced either by empty ones, or by full 
combs taken from the lower part of the hive. 

When hives are constructed on the principle of those shown in 
fig. 04, <jcc., consisting of several parts separable, laid one upon 
the other, the honey may be collected by causing the bees to 
desert the division intended to be removed by tapping on remote 
parts of the hive, and by j^rojecting tobacco-smoke on them. 

These operations may he performed in the day between ten and 
three o’clock. If the country be one rich in bee pasturage, a 
superior division of the hive may be taken away and replaced by 
an empty one, if the operation take place early in the season ; and 
this latter may sometimes be again harvested before the close of 
the season, so as to obtain honey of the purest and finest quality. 
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But where the pasturage is not so rich, or where the operation is 
performed later in the season, it will be necessary either not to 
replace the division harvested, or to put the empty division at the 
bottom of the hive. 

To collect the honey in the hives of the form represented in 
tig. 58, p. 49, called the vulgar hive, it is necessary either to expel 
the bees or to smother them. 

To expel and transfer them to another hive, that which is to be 
harvested is inverted, as shown in tig. 58, p. 49, and over it is 
placed the hive to which the bees arc to be transferred. The bees 
may be driven from one to the other, either by being smoked, as 
shown in fig. 7(3, p. 17, or by tapping upon the superior hive, 
fig. 58, p. 49. 

If some bees remain in the hive to be harvested, they will 
voluntarily pass into the new hive by the arrangement repre- 
sented in fig. 76, p. 17. 

'When the hive is harvested, either wholly or partially, by 
affecting the bees with temporary asphyxia, the process is as 
follows : after having beaten the black powder from a puff-ball of 
Lycoperdon, it is placed with some red charcoal in the fumigator, 
fig. 89, the nozzle of which is inserted at the door of the hive. 
The bellows being worked for five or six minutes, the bees will 
fall insensible from the hive, when the combs may be removed, 
wholly or partially, as the case may be. In twenty or thirty 
minutes the bees will revive, and re-enter the hive, or may be 
received in a new one if desired. 

If it be not desired to preserve the bees, the hive may be 
placed over a pit into which they will fall, and where they may 
he buried. 

To obtain honey of the first quality, the purest combs, con- 
taining neither hee-bread nor brood, being selected, are drained 
through a hair-sieve or osier-basket. Their product, called 
virgin honey, is limpid. It hardens and keeps if potted and put 
in a cool and dry place. Honey of inferior quality is obtained 
by pressing the residue of the combs, and exposing them to heat. 

Whenever honey is collected, wax may also be obtained, but 
the latter substance may be separately collected at the close of 
the winter, by paring away the lower ranges of comb, taking 
away by the knife those which are old, black, and mouldy, and 
those which have been attacked by the moth. The wax is dis- 
solved with boiling water, after which it is purified and collected 
in moulds of glazed pottery. 

202. Honey and wax, the products of bee industry, form 
important articles of commerce in various parts of the world. 

Although the production of wax is not confined to the bee r 
TOG 



HONEY AND WAX. 


nearly all of that article employed in Europe is of bee manu- 
facture. 

Although honey has lost much of its importance as an article of 
food, since the discovery and improvement of the fabrication of 
sugar, it is still regarded as a luxury, and of considerable value 
in this counfay, as the material out of which a wholesome vinous 
beverage is produced. In many inland parts of the continent 
where sugar is costly, few articles of rural economy could be less 
spared. In the Ukraine some of the peasants possess from 400 to 
500 hives, and are said to make more profit of their bees than 
even of their corn. In Spain the nurture of bees is carried to a 
still greater extent ; according to Mills, a single parish priest was 
known to possess the almost incredible number of 5000 hives. 

The common hive-bee is the same, according to Latreille, in 
every part of Europe, except in some districts of Italy, where a 
species called the Apis ligustica of Spinola is kept. This species 
is also said to be cultivated in the Morea and the Ionian Isles. 
Honey, however, is also obtained from many other species of bees, 
as well wild as domesticated. 

203. The rook honey of some parts of America, which is very 
thin and as clear as water, is the produce of wild bees, which sus- 
pend their clusters of thirty or forty waxen cells, resembling a 
bunch of grapes, from a rock. In South America large quantities 
of honey are collected from nests built in trees by the Trigona 
Amalthea and other species of this genus, under which, according 
to Kirby, should be included the Bamburos, to gather the honey 
of which the whole population in Ceylon make excursions into 
the woods. 

According to Agara, one of the chief articles of food of the 
Paraguay Indians is wild honey. 

Captain Green observes, that in the Island of Bourbon, where 
he was stationed for some time, there is a bee which produces 
honey much esteemed there, of a green colour, having the con- 
sistency of oil, and which, besides the usual sweetness of honey, 
has a remarkable fragrance. This green honey is exported to 
India in considerable quantities, where it bears a high price. 

A species of bee called the Apis faseiata was probably culti- 
vated ages before the present hive-bee was attended to. This 
species is still so extensively cultivated in Egypt that Niebuhr 
met on the hill between Cairo and Damietta a convoy of 
4000 hives, which the apiarists of that country were transporting 
from a region where the season had passed, to one where the 
spring was later. 

204. This periodical migration of bees is by no means of modern 
date. According to Columella, the Greeks used to send their 
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bee-hives at certain seasons of the year from Achaiu into Attica, 
and a similar custom still prevails in Italy, and even in this 
country in the neighbourhood of heaths. 

Among the domesticated species of bees may be also mentioned 
the Apis unicolor in Madagascar, the Apis Indica at Pondicherry 
and in Bengal, and the Apis Adansonii at Senegal. 

Fabricius affirmed that the Apis Acraensis laboriosa, and 
others in the East and West Indies, might be domesticated with 
greater advantage than even the common hive-bee of Europe, 
called the Apis inellifiea. 

205. Honey is one of the class of aliments which requires to be 
used with some precaution, since not only are certain constitutions 
of body affected injuriously by it, even in its most natural and 
wholesome state, but it happens occasionally that the insects which 
collect it resort to poisonous dowers, which impart their noxious 
properties to the honey extracted from them. 

Kirby mentions the case of a lady of his acquaintance upon 
whom ordinary honey* acted like poison, and says, that he heard 
of instances in which death ensued from eating it. 

But where the bee unfortunately resorts to poisonous plants, 
the consequences are not thus limited to individuals of peculiar 
idiosyncrasies. Dr. Barton has given a remarkable example of 
this.* 

In the autumn and winter of the year 1790, an extensive 
mortality was produced amongst those who had partaken of the 
honey, collected in the neighbourhood of Philadelphia. The 
attention of the American government was excited by the general 
distress ; a minute enquiry into the cause; of the mortality ensued, 
and it was satisfactorily ascertained that the honey had been 
chiefly extracted from the flowers of Kalmia la t (folia. Though the 
honey mentioned in Xenophon’s well-known account of the effect 
of a particular sort, eaten by the Grecian soldiers during the cele- 
brated retreat, after the death of the younger Cyrus, did not 
operate fatally, it gave those of the soldiers who ate it in small 
quantities the appearance of being intoxicated, and such as par- 
took of it freely, of being mad or about to die, numbers lying on 
the ground as if after a defeat. A specimen of this honey, which 
still retains its deleterious properties, was sent to the Zoological 
Society in 1834 from Trebizond, on thef Black Sea, by Keith 
E. Abbott, Esq. 

206. The maladies of the bee proceed from three causes, — hun- 
ger, damp, and infection ; all of which admit of prevention when 
the insect is maintained artificially. 

* American Philosophical Transactions, vol. v. of the year 1790. 
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Dysentery is the malady which is at once the most dreaded by 
bee-owner, and the most easy to be prevented. It is always due 
to damp or to bad diet, such as impure honey and indigestible 
syrups. The remedies are consequently to place the hives in a 
dry situation, and to supply the insects with wholesome food, such 
as good honey mixed with a little generous wine. The greatest 
care should also be taken to remove such comks as may be 
rendered foul by excrement, and to clean the shelves in the 
bee-houses. 

Among other maladies may be mentioned, diseases of the 
antcnnie, vertigo, and abortive broods of eggs. These are gene- 
rally produced by bad food, damp, and drafts of cold air. On 
that account some bee- cultivators reject the forms of hive or bee- 
houses having two doors on opposite sides, thus placed for the 
purpose of ventilation. This arrangement is never seen in the 
natural habitations of the insect. 

207. Dr. Bevan mentions a case of abortive brood which occur- 
red in one of Mr. Dunbar’s hives. The colony had been very 
strong in the previous autumn, and possessed a fertile queen, but 
in the spring it failed, and did not swarm. On examination, he 
found the four central leaves of the hive (which was one of Huber’s, 
tig. 73), full of abortive brood, by the presence of which the queen 
seemed to be paralysed, though she still laid a few eggs at the 
edge of the combs. As the population seemed gradually dimi- 
nishing, Mr. Dunbar cut out the whole of the abortive brood, 
removed the old queen, and added an after swarm to the family. 
The conjoined bees soon betook themselves to work, replaced the 
old combs by new ones, and laid in an ample store of honey. This 
is an operation called castration by French apiculturists ; and in 
all such cases it is prudent, in order to prevent contagion, to have 
the infected combs burnt or buried. 

208. Butler, in his “Female Monarchy,” relates a story of a 
credulous lady who devoted herself to the cultivation of bees. 
This person having gone to receive the sacrament, retained the 
consecrated wafer ; and at the suggestion of a friend, more simple 
than herself, placed it in one of her diseased hives. The bee 
plague, according to her report, immediately ceased ; honey accu- 
mulated ; and, on examining the inside of the hive, she found 
there, to her astonishment and admiration, a waxen chapel, of 
wondrous architecture, supplied with an altar, and even with a 
steeple, and a set of bells, all constructed of the same material. 

209. The most dangerous enemies of the bees are the larvae of 
certain moths, which when once they take possession of a hive can- 
not be extirpated, and no remedy remains but to transport the 
entire population of the insect colony to a new habitation. 

109 



THE BEE. 


The bee-louse, an insect about the size of a flea, often infests 
populous hives, so as greatly to annoy the bees by fixing itself 
upon them. Sometimes two or more attach themselves be a single 
bee, making it restless and indisposed for its usual industry. 

A magnified view of one of these parasites is shown in fig. 92, 
as seen from above ; and in fig. 93, as seen from below. 



Fijr. 02. — Boc Louse, Fig. 0". — Bee-Louse, 

seen from above. seen from below. 

That universal plunderer the wasp, and his formidable congener 
the hornet, often seize and de vour them ; sometimes ripping open 
their body to come at the honey, and at others carrying off that 
part in which it is situated. AY asps frequently take possession 
of a hive, having either destroyed or driven away its inhabitants, 
and consume all the honey it contains. Kay, there are certain 
idlers of their own species, called by apiarists, corsair bees, which 
plunder the hives of the industrious. 

210. Examples have been already cited, in which bees have 
manifested peculiar personal antipathies, which have been 
ascribed, in the cases mentioned, to some odour, offensive to 
the insect, proceeding from the obnoxious individuals. Inde- 
pendently, however, of such general causes of hostility, the 
insects arc sometimes provoked against even their best friends 
and most familiar acquaintances, by occasional circumstances. 
Kirby relates, that although he was generally exempt from their 
hostility, he could not venture with impunity to put them out 
of humour. Thus happening one day, during the season when 
asparagus w'as in blossom, to pass among the beds, which were 
crowded with bees, lie discomposed them so much that he was 
obliged to make a hasty retreat, pursued by a swarm of his 
offended friends. 

211. In Mungo Park’s last mission to Africa, he was much 
annoyed by bees. His people, searching for honey, having dis- 
turbed a large colony of them, the insects sallied forth by myriads, 
and attacking men and beasts indiscriminately, put them all to 
the rout. One horse and six asses were killed or missing in con*- 
sequence of their attack, and for half an hour the bees seem to 
have completely put an end to their journey. Isaacs, upon 
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another occasion, lost one of his asses, and one of his men was 
almost killed by them.* 

212. Bees, however, as we have already observed, are not 
usually ill-tempered ; and, if not molested, are generally inoffen- 
sive. Thorley relates, t that a maid servant, who assisted him in 
hiving a swarm, being rather afraid, put a linen cloth as a defence 
over her head and shoulders. When the bees were shaken from 
the tree on which they had alighted, the queen probably settled 
upon this cloth, for the whole swarm covered it, and then getting 
under it, spread themselves over her face, neck, and bosom, so 
that when the cloth was removed, she was quite a spectacle. She 
was with great difficulty kept from running off w r ith all the bees 
upon her. But at length her master quieted her fears, and began 
to search for the queen. lie succeeded, and expected that when 
he put her into the hive the bees would follow. lie was, however, 
in the first instance disappointed, for they did not stir. Upon 
examining the cluster again, he found a second queen, or probably 
the former one, which had flown back to the swarm. Having 
seized her, he placed her in the hive, and kept her there. The 
bees soon missed her, and crowded into the hive after her, so that, 
in two or three minutes, not one remained on the poor frightened 
girl. After this escape she became quite a heroine, and would 
undertake the most hazardous employment about the hives. 

213. The duels of rival queens have been already mentioned. 
Similar combats take place occasionally between the workers of 
one hive and those of another. Aor are such wars confined to 
single combats. General actions take place now and then between 
neighbouring colonies. This occurs when one takes a fancy to a 
hive which another has pre-oceupied. Keaumur witnessed one of 
these battles, which lasted a whole afternoon, and in which great 
numbers fell on the one side and the other. In such cases, each 
combatant selects his opponent, and the victorious one flies away 
with the slain body of its enemy between its legs. After making 
a short flight thus, she deposits it on the ground, and rests near 
it, standing on her four anterior legs, and rubbing the two hinder 
legs against each other, af though she enjoyed the sight of her 
victim. 

214. The following account of a bee battle was published in a 
Carlisle newspaper. A swarm of bees flying over a garden, where 
a newly tenanted hive was placed, suddenly stopped in their 
flight, and, descending, settled upon the hive, completely covering 
it. In a little time, they began to make their way to the door, 
and poured into it in such numbers, that it became completely 


* Talk’s Last Mission, 153, 297. 
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filled. A loud humming noise was heard, and the work of de- 
struction immediately ensued. The winged combatants sallied 
forth from the hive until it became entirely emptied, and a fero- 
cious battle commenced in the air between the besiegers and the 
besieged. These intrepid warriors were so numerous, that they 
literally darkened the sky overhead like a cloud. Meanwhile, 
the destructive battle raged with great fury on both sides, and 
the ground beneath was covered with the killed and wounded. 
Hundreds were seen dispersed on the ground, lying dead, or 
crawling about in a disabled state. To one party at length the 
palm of victory was awarded, and they settled upon a branch 
of an adjoining tree, from which they were removed to the deserted 
hive, of which they took quiet possession, and commenced and 
continued their usual industry. 
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CHAPTER I. 

1. Inventors of steam navigation uneducated. — 2. First steamers on the 
Hudson and the Clyde. — 3. Sea-going steamers due to British 
engineers. — 4. Progress of steam navigation from 181*2 to 1837. — 
5. Atlantic steamers projected. — (>. Abstract possibility of the 
voyage could not be doubted. — 7. The voyage had been already made 
by two steamers. — 8. Projects advanced in 1836. — 9. Discussion at 
Bristol in 1837. — 10. Report of I)r. Lardner’s speech in the Times of 
27tli August, showing tin: falsehood of the report that he pronounced 
the project impracticable. — 11. Atlantic steam voyage advocated by 
Dr. Lardner in 1830-7. — 12. The practical results of the various 
projects prove the truth of his predictions. — 13. The Cunard 
steamers, established on the conditions suggested by him, were alone 
successful. — 14. Voyages of these steamers. — 15. Other lines 
established. — 10. Probable extension of steam navigation to the 
general purposes of c< mi merce. — 17. Auxiliary steam-power the most 
probable means of accomplishing this. — 18. Advantages of subaqueous 
propulsion. — 19. Means of realising them. — *20. Improved adaptation 
of steam-power to vessels of war required. — 21. Mercantile steam- 
marine available for national defence. — 22. Principle of marine- 
engine. — 23. Propellers. — 24. Paddle-wheels and screws. — 25. 
Arrangement of paddle-wheels. — 26. Paddle-shaft. — 27. General 
arrangement of marine-engine. 

Lardner’s Museum of Science, i 

ffo. 120, 
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1. If the spirits of Watt, Trevithick, and Fulton can look down 
on the things of this nether world, and behold the grand results 
their discoveries and inventions have produced, what triumph 
must be theirs ! For half a century the steam-engine had re- 
mained a barren fact in the archives of science, when the self- 
taught genius of the Glasgow mechanic breathed into it the spirit 
of vitality, and conferred upon it energies by which it revived the 
drooping commerce of his country, and, when the auspicious 
epoch of general peace arrived, diffused its beneficial influence to 
the very skirts of civilisation. Scarcely had the fruit of the 
labour of Watt ripened, and this great mover been adopted as 
the principal power in the arts and manufactures, than its uses 
received that prodigious extension which resulted from its acquir- 
ing the locomotive character. As it had previously displaced 
animal power in the mill, and usurped its nomenclature, so it 
now menaced its displacement on the hoad. A few years more 
witnessed perhaps the greatest and most important of all the 
manifold agencies of steam — that by which it has given wings to 
the ship, and bade it laugh to scorn the opposing elements, trans- 
porting it in triumph over the expanse of the trackless ocean, 
regardless of wind or current, and conferring upon locomotion 
over the deep a regularity, certainty, and precision, surpassed by 
nothing save the movement of chronometers or the course of the 
heavenly bodies. Such are the vast results which have sprung 
from the intelligence of men, none of whom shared those privi- 
leges of mental culture enjoyed by the favoured sons of wealth; 
none of whom grew up within the walls of schools or colleges, 
drawing inspiration from the fountains of ancient learning ; none 
of whom were spurred on by those irresistible incentives to genius 
arising from the competition of ardent and youthful minds, and 
from the prospect of scholastic honours and professional advance- 
ment. Sustained by that innate consciousness of power, stimu- 
lated by that irrepressible force of will, so eminently characteristic 
of, and inseparable from, minds of the first order, they, in 
their humble and obscure positions persevered against adverse and 
embarrassing circumstances, impelled by the faith that was in 
them, against the doubts, the opposition, and, not unfrequently, 
the ridicule of an incredulous world, until at length, by time and 
patience, truth was triumphant, and mankind now gathers the 
rich harvest sown by these illustrious labourers. 

2. It was about the eighth year of the present century that 
Fulton launched the first steamboat on the Hudson. After the 
lapse of four years the first European steamboat was established 
on the Clyde. From that time the art of steam-navigation, in 
the two great maritime and commercial nations, advanced with a 
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steady and rapid progress. But it took different directions, 
governed by the peculiar geographical and commercial circum- 
stances attending these countries. The genius and enterprise of 
the United States saw before and around it a vast territory, inter- 
sected by navigable rivers of unequalled length, forming lines of 
water communication on a colossal scale between its extensive 
interior and the sea-board. The Mississippi and its tributaries, 
with their sources, lost in distant tracts as yet untrodden by 
civilised man, and navigable by large vessels for many thousands 
of miles, — the Hudson, all but touching upon those magnificent 
inland seas that stretch along the northern boundary, and are 
almost connected with the Mississippi by the noble stream of the 
Illinois, — the Delaware, the vast Potomac, and, in fine, a coast 
thousands of miles in extent, fringed by innumerable bays and 
harbours, and land-locked basins having all the attributes of 
lakes, — these addressed themselves to the eye of the engineer and 
the capitalist, and determined the direction of enterprise. The 
application of steam power to inland navigation — the construc- 
tion of vessels suited to traverse with speed, safety, and economy, 
rivers and lakes, harbours, bays, and extensive inlets — this was 
the task and the vocation of the American engineer, and this the 
interest of the capitalist and the merchant.* 

3. The problem of steam-navigation, however, presented itself 
to the British engineer under other conditions. In a group of 
islands intersected by no considerable navigable rivers, and 
neither requiring nor admitting any inland navigation save that 
of artificial canals, — separated, however, from each other and 
from the adjacent continent of Europe by straits, channels, gulfs, 
and other arms of the sea, — it was apparent that if steam power 
should become available at all, it must be adapted to the naviga- 
tion of these seas and channels — it must be adapted to accelerate 
and cheapen the intercourse between the British islands, between 
port and port upon their coasts, between them and the various 
ports on the adjacent coast of Europe, and finally to establish a 
communication with the Mediterranean and the coasts of Africa, 
Asia, and Europe, which are washed by it. While the American, 
therefore, was called on to contrive a steam-vessel adapted to 
inland and smooth- water navigation, the British engineer had the 
more difficult task, to construct one which should be capable of 
meeting and surmounting all the obstructions arising from the 
vicissitudes of the deep. 

The result of the labour and enterprise of the English nation, 
directed to this inquiry, has been the present sea-going steam-ship. 

* For a more developed notice of American Steam Navigation, see 
Railway Economy, chap, xvi., and Museum, vol. ii. p. 17. 
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4. In the quarter of a century which elapsed between 1812 
and 1837 steam-navigation made a steady and continuous, but not 
a sudden progress. The first lines of steamers were established 
naturally between the ports of England and the nearest sea-ports 
of Ireland on the one side, and France on the other. The length 
of each unbroken passage was then regarded as the great difficulty 
of the project. Thus steamers were established between Holyhead 
and Dublin, and between Dover and Calais, long before projectors 
ventured to try them between Dublin and Liverpool, or between 
London and the Low Countries. 

After some years’ experience, however, and the consequent 
improvement of the marine engine, passages of greater length 
were attempted with success. Lines of steamers were established 
first between more distant parts of the United Kingdom ; as, for 
example, between London and Edinburgh, and between Dublin, 
Liverpool, and Glasgow. At a later period still longer trips 
became practicable, and lines of steamers were established between 
the United Kingdom and the Mediterranean ; touching, however, 
for fuel at the peninsular ports, such as Corunna, Lisbon, and 
Gibraltar. 

During this period, also, a fleet of steamers was constructed by 
government for post-office purposes, and a steam navy was gra- 
dually created, among which were found ships of large tonnage 
and considerable power. 

5. At length, in the year 183G, a project, then considered as a 
startling one, was first announced, to supersede the far-famed New 
York and Liverpool packet-ships, by a magnificent establishment 
Of STEAM-Silll\S. 

These vessels were to sustain a constant, regular, and rapid 
communication between the New and Old World. They were to 
be the great channel for commerce, intelligence, and social inter- 
course, between the metropolis of the West and the vast marts of 
the United Kingdom ; they were, in a word, to fulfil, not only all 
the functions which for half a century had been so admirably dis- 
charged by the packet-ships, but to do so with expedition increased 
in a threefold proportion at the least. Such an announcement 
could not fail to captivate the public. The results to be anti- 
cipated were so obvious, so grand, and must be attended with 
effects so widely spread, that all persons of every civilised nation 
at once felt and acknowledged their importance. The announce- 
ment of the project was accordingly hailed with one general shout 
of acclamation. 

Some, who, being conversant with the actual condition of the 
art of steam-engineering as applied to navigation, and aware of 
various commercial conditions which must affect the problem, and 
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were enabled to estimate calmly and dispassionately the difficulties 
and drawbacks, as well as the advantages, of the undertaking, 
entertained doubts which clouded the brightness of their hopes, 
and warned the commercial word against the indulgence of too 
sanguine anticipations, of the immediate and unqualified realisa- 
tion of the project. They counselled caution and reserve against 
an improvident investment of extensive capital, in schemes which 
could still be only regarded as experimental, and which might 
prove its grave. But the voice of remonstrance was drowned 
amid the enthusiasm excited, by the promise of an immediate 
practical realisation of a scheme so grand. The keel of the Great 
Western was laid ; an assurance was given that the seasons would 
not twice run through their changes, before she would be followed 
by a splendid line of vessels, which should consign the packet- 
ships to the care of the historian as u things that were.” 

6. It cannot be seriously imagined, that any one who had been 
conversant with the past history of steam -navigation, could 
entertain the least doubt of the abstract practicability of a steam- 
vessel making the voyage between Bristol and New York. 

A vessel having as her cargo a couple of hundred tons of coals 
would, cater is paribus^ be as capable of crossing the Atlantic as a 
vessel transporting the same weight of any other cargo. A 
steam- vessel of the usual form and construction would, it is true, 
labour under comparative disadvantages, owing to obstructions 
presented by her paddle-wheels and paddle-boxes; but still it 
would have been preposterous to suppose that these impediments 
could have rendered her passage to New York impracticable. 

7. But, independently of these considerations, it was a well- 
known fact, that, long antecedent to the epoch now adverted to, 
the Atlantic had actually been crossed by the steamers Savannah 
and Cura^oa. Nevertheless a statement was not only widely 
circulated, but generally credited, that I had publicly asserted 
that a steam voyage across the Atlantic was “ a physical impos- 
sibility ! ” 

Although this erroneous statement has been again and again 
publicly contradicted through various organs of the press, it con- 
tinues nevertheless to be repeated. I shall therefore take this 
opportunity once more to put on record, what I really did state on 
the occasion, on which I am reported to have affirmed that the 
Atlantio steam voyage was a physical impossibility. 

8. Projects had been started in the year 1836 by two different 
and opposing interests, one advocating the establishment of a line 
of steamers to ply between the west coast of Ireland and Boston, 
touching at Halifax ; and the other a direct line, making an un- 
interrupted trip between Bristol and New York. In the year 
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1836, on the occasion of the meeting of the British Association in 
Dublin, I had advocated the former of these projects. 

9. On the occasion of the next meeting in 1837 at Bristol, I 
again urged its advantages, and by comparison discouraged the 
project of a direct line between Bristol and New York. When I 
say that I advocated one of these projects, it is needless to add 
that the popular rumour, that I had pronounced the Atlantic 
voyage impracticable, is utterly destitute of foundation. But I 
am enabled to offer more conclusive proofs than this, that, so far 
from asserting that the Atlantic voyage by steam was impossible, 
I distinctly affirmed the contrary . 

The Times newspaper sent a special reporter to attend the 
meeting at Bristol, and more particularly to transmit a report of 
the expected discussion on the Atlantic steam voyage, which at 
the moment excited much interest. 

10. The meeting took place on the 25th, and the report ap- 
peared in the Times of the 27th of August. From that report I 
extract the following ; — 

“ Dr. Lardner said he would beg of any one, and more espe- 
cially of those who had a direct interest in the inquiry, to dismiss 
from their minds all previously-formed judgments about it, and 
more especially upon this question , to he guarded against the con - 
elusions of mere theory , for if ever there was one point in practice 
of a commercial nature which, more than another, required to be 
founded on experience, it was this one of extending steam-naviga- 
tion to voyages of extraordinary length. He was aware that 
since the question had arisen, it had been stated that his own 
opinion was averse to it. This statement was totally wrong , but 
he did feel that great caution should be used in the adoption of 
the means of carrying the project into effect. Almost all depended 
on the first attempt, for a failure would much retard the ultimate 
consummation of the project. 

“ Mr. Scott Kussel said that he had listened with great delight 
to the lucid and logical observations they had just heard. He 
would add one word. Let them try this experiment, with a view 
only to the enterprise itself, but on no account try any new boiler 
or other experiment, but to have a combination of the most 
approved plans that had yet been adopted. 

“After some observations from Messrs. Brunei and Field, 
Dr. Lardner, in reply, said, that he considered the voyage prac- 
ticable, but he wished to point out that which would remove the 
possibility of a doubt , because if the first attempt failed it would 
cast a damp upon the enterprise, and prevent a repetition of the 
attempt.” 
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Such was the report of the Times of the speech in which I 
was afterwards, and have ever since been, represented as having 
declared a steam voyage across the Atlantic a mechanical im- 
possibility ! * 

11. What I did affirm and maintain in 1836-7 was, that the 
long sea voyages by steam which were contemplated, could not at 
that time be maintained with that regularity and certainty which 
are indispensable to commercial success, by any revenue which 
could be expected from traffic alone, and that, without a govern- 
ment subsidy of a considerable amount, such lines of steamers, 
although they might be started, could not be permanently 
maintained. 

12. Now let us see what has been the practical result. 

Eight steam-ships, including the Great Western, were, soon 
after the epoch of these debates, placed upon the projected line 
between England and New York ; the Sirius, the lloyal William, 
the Great Liverpool, the United States, + the British Queen, the 
President, the Great Western, and the Great Britain. 

The Sirius was almost immediately withdrawn ; the Boyal 
William, after a couple of voyages, shared the same fate ; the 
Great Liverpool, in a single season, involved her proprietors in a 
loss of 6000/., and they were glad to remove her to the Mediter- 
ranean station. The proprietors of the British Queen, after 
sustaining a loss which is estimated at little less than 100000/., 
sold that ship to the Belgian government. The United States 
was soon transferred, like the Great Liverpool, to the Mediter- 
ranean trade. The President was lost. The Great Western, as 
is well known, after continuing tor some time to make the voyage 
in the summer months, being laid by during the winter, and after 
involving her proprietors in a loss of unknown and unacknow- 
ledged amount, was sold. Of the Great Britain, the fate is well 
known. 

Thus, it appears, in fine, that after the lapse of nearly fourteen 
years, notwithstanding the great improvements which took place 
in steam navigation, the project advanced at Bristol, and there 
pronounced by me to be commercially impracticable, signally failed. 

13. Meanwhile another project, based upon the conditions which 
I had indicated as essential to the permanence and success of the 
enterprise, was started. 

Mr. Samuel Cunard, a Canadian, who had extensive experience 

* Notices of this speech, substantially the same, appeared in the 
Edinburgh Review, the Monthly Chronicle, and other periodicals of that 
date. 

+ This vessel was not actually placed on the line, but was prepared for 
it. She was afterwards called the Oriental. 
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in maritime affairs, being associated with some large capitalists 
who had confidence in >his sagacity and skill, laid before the 
British government a project for a line of Post-office steamers, to 
ply between [Liverpool and Boston, touching at Halifax. But 
Mr. Cunard insisted strongly on the necessity of providing a 
considerable fleet of steamers, to ensure that permanence and 
regularity which were indispensable to the success of the project. 
He demonstrated that the magnitude of the capital it must involve, 
and the vast expenditure attending its maintenance, were such as 
could not be covered by any commercial returns to be expected 
from it, and that, consequently, it could only be sustained by a 
liberal subsidy to be furnished by the government. After much 
negotiation, it was agreed to grant him an annual subsidy of 
60000/., upon which condition the enterprise was commenced. 
Mr. Cunard, however, had hardly embarked in it, before it became 
evident that this grant was insufficient, and it was soon increased 
to 100000/. per annum. Further experience proved that even 
this was insufficient to enable Cunard and his associates to 
maintain the communication in a satisfactory and efficient manner, 
and the annual subvention was in fine raised to its present amount, 
that is to say, 145000/. sterling per annum. 

14. Thus supported, the communication was in 1851 main- 
tained throughout the year. During the four winter months, 
December, January, February, and March, there were two de- 
partures per month from each side, and during the eight other 
months of the year there was a departure once a week, making a 
total of forty- four departures from each side, or forty- four voyages 
going and returning. 

These voyages make a total distance sailed of 272800 geogra- 
phical miles within the year. The subsidy, therefore, amounts to 
ten shillings and eightpence per mile sailed. 

Since the epoch here referred to, steam -navigation has, as is 
well known, undergone great improvements, and its powers have 
been proportionally extended. The arrangements of this and 
other lines of ocean navigation have accordingly undergone, and 
continue to undergo, modifications having the effect of increasing 
the frequency and extending the lengths of the trips. 

15. Soon after the Cunard line of steamers commenced opera- 
tions, it was proposed to establish, with government support, a 
transatlantic line of steamers communicating between Great 
Britain and its West India colonies. Ultimately the present 
West India Steam-Packet Company was established, and obtained 
from the government a subvention greater still in amount than 
had been granted to the Cunard Company. The amount of this 
annual grant was 240000/. 
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16. Great as the progress of steam-navigation has been within 
the last quarter of a century, much still remains to be accom- 
plished, before that vast agent of transport can be regarded as 
having been pushed to the limit of its powers. Its superior speed, 
regularity, and certainty, comparatively with sailing-vessels, have 
naturally first attracted to it passengers, despatches, and certain 
descriptions of merchandise to which expedition is important, and 
which can bear a high rate of freight. The mechanical conditions 
which ensure expedition in long voyages, exclude, to a great 
extent, the transport of general merchandise ; for a large part of 
the tonnage of the vessel is occupied by the machineiy and fuel. 
The heavy expenses, therefore, of the construction and mainte- 
nance of these vessels, must be defrayed by appropriating the 
profitable tonnage to those objects of transport alone which will 
bring the highest rate of freight. While the steamer, therefore, 
has allured from the sailing-vessel the chief part of the passenger 
traffic, the mails altogether, parcels, and some few objects of 
general traffic, the latter still continues in undisturbed possession 
of the transport business of general commerce. 

The next step in the improvement of the art must therefore be 
directed to the construction of another class of steam-vessels, 
which shall bear to the present steam-ships the same relation 
which the goods-trains, on the railway, bear to the passenger- 
trains. As in the case of these goods-trains, expedition must be 
sacrificed to reduce the cost of transport to the limit which shall 
enable the merchandise to bear the freight. If the steamer for 
the general purposes of commerce can be made to exceed the 
sailing-vessel, in anything approaching to the ratio by which the 
goods-train on the railway exceeds the waggon or canal-boat, we 
shall soon see the ocean covered with such steamers, and the 
sailing-vessel will pass from the hands of the merchant to those 
of the historian. 

17. To render steamers capable of attaining these ends, it w ill 
be evidently advisable to adopt measures, to combine the qualities 
of a sailing-vessel with those of a steamer. The ships must 
possess such steaming power as may give them that increased 
expedition, regularity, and punctuality, which, in the existing 
state of the arts, can only be obtained through that agency ; but 
it is also important that they should accomplish this without 
robbing them, to any injurious extent, of their present capability 
of satisfying the wants of commerce. 

18. In an early edition of my treatise on the Steam-Engine, 
published long before screw steam-vessels had attained the state 
of perfection to which they have now arrived, I stated that no ex- 
pedient was more likely to accomplish this, than one which would 
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have for its object the removal of the paddle-wheels now generally 
used, and the substitution of some description of subaqueous pro- 
peller. A great reduction in the dimensions of the machinery f 
and the surrender to the uses of commerce of that invaluable space 
which it now occupies within the vessel, are also essential. It is 
incumbent on the engineer who assumes the high responsibility of 
the superintendence of such a project, to leave the ship in the full 
and unimpaired enjoyment of its functions as a sailing-vessel. 
Let him combine, in short, the agency of steam with the undi- 
minished nautical power of the ship. Let him celebrate the 
marriage of the steam-engine with the sailing-vessel. If he 
accomplish this with the skill and success of which the project is 
susceptible, he may fairly hope that his name will go down to 
posterity as a benefactor of mankind, united with those of Fulton 
and Watt. 

The actual progress of mechanical science encourages us to hope, 
that the day is fast approaching when such ideas will be realised 
— when we shall behold a great highway cut across the wide 
Atlantic, not as now, subserving to those limited ends, the 
attainment of which will bear a high expense, but answering all 
the vast and varied demands of general commerce. Ships which 
would serve the purposes we have here shadowed out, can never 
compete in mere speed with vessels in which cargo is nothing, 
expense disregarded, and expedition everything. Be it so. 
Leave to such vessels their proper functions ; let them still enjoy 
to some extent the monopoly of the most costly branches of 
traffic, subsidised as they are by the British treasury. Let the 
commercial steam-ships, seeming equal regularity and punctu- 
ality, and probably more frequent despatch, be content with 
somewhat less expedition. This is consistent with all the analo- 
gies of commerce. 

There is another consideration which ought not to be omitted. 
In all great advances in the arts of life, extensive improvements 
are at first attended with individual loss of greater or less amount. 
The displacement of capital is almost inevitably attended with 
this disadvantage. It is the duty, therefore, of the scientific 
engineer, in the arrangement and adoption of his measures, to 
consider how these objects may be best attained with the least 
possible injury to existing interests. To accomplish this will not 
only be a benefit to the public, but will materially facilitate the 
realisation of his own objects, by conciliating in their favour those 
large and powerful interests, whose destruction would be other- 
wise menaced by them. If, then, in the present case, it is found 
practicable with advantage to introduce into the present sailing- 
ships, more especially into those most recently constructed, the, 
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agency of steam, a very important advantage will be gained for 
the public, and the almost unanimous support and countenance of 
the commercial community will be secured. 

19. To attain the objects here developed, it will be evidently in- 
dispensable to remove those impediments, which at once disfigure 
the appearance and destroy the efficiency of the sailing qualities of 
the ship, by the enormous and unsightly excrescences projecting 
from the sides in the shape of paddle-wheels, and the wheel-houses 
or paddle-boxes, as they are called. These appendages are attended 
with many evils, the least of which is perhaps the impediment 
which they present to the progress of the ship. 

But the form, magnitude, and position of the propelling ma- 
chinery, is far from being the only obstacle to the full success of 
the present steam- vessels, when directed to the general purposes of 
commerce. The engines themselves, and the boilers, from which 
the moving power proceeds, and the fuel by which they are worked, 
occupy the very centre of the vessel, and engross the most valuable 
part of the tonnage. The chimney, which gives efficacy to the 
furnaces, is also an unsightly excrescence, and no inconsiderable 
obstruction. 

When long ocean-voyages are contemplated, such as those be- 
tween New York and the ports of England, there is another serious 
obstacle, which is especially felt in the westward trip, because of 
the prevalence of adverse winds. When the vessel starts on its 
long voyage, it is necessarily laden with a large stock of fuel, 
which is calculated to meet, not merel} r the average exigencies of 
the voyage, but the utmost extremity of adverse circumstances of 
wind and weather to which it can by possibility be exposed. This 
fuel is gradually consumed upon the voyage ; the vessel is propor- 
tionally lightened, and its immersion diminished. If its trim be 
so regulated that the immersion of its wheels at starting be such 
as to give them complete efficiency, they may, before the end of 
the voyage, be almost if not altogether raised out of the water. 
If, on the other hand, the efficiency of propulsion in the latter 
part of the voyage be aimed at, they must have such a depth at 
its commencement as to impair in a serious degree their propelling 
effect, and to rob the vessel of its proper speed. Under such cir- 
cumstances, there is no expedient left but compromise. The vessel 
must start with too great and arrive with too little immersion. 
There is no alternative, save to abandon altogether the form and 
structure of the present machinery, and to awaken the inventive 
genius of the age to supply other mechanical expedients, which 
shall not be obnoxious to these objections. 

In fine, then, we look to the improvement of auxiliary steam 
power, and the extended use of submerged propellers, as the means 
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which, in the existing state of the art of steam-navigation, are 
most likely to extend the benefits #f that agent of transport to 
general commerce. 

20. If the form and structure of paddle-wheel steam-vessels be 
obnoxious to these many serious objections, when considered with 
reference to the purposes of general commerce, they are still more 
objectionable when considered with reference to the purposes of 
national defence. It is undoubtedly a great power with which to 
invest a vessel of war, to be able to proceed at will, in spite of 
the opposition of wind or tide, in any direction which may seem 
most fit to its commander. Such a power would have surpassed 
the wildest dreams of the most romantic and imaginative naval 
commander of the last century. To confer upon the vessels of a 
fleet the power immediately, at the bidding of the commander, to 
take any position that may be assigned to them relatively to the 
enemy, or to run in and out of a hostile port at pleasure, or fly 
with the rapidity of the wind past the guns of formidable forts, 
before giving them time to take effect upon them — are capabilities 
which must totally revolutionise all the established principles of 
naval tactics. But these powers at present are not conferred upon 
steam-ships, without important qualifications and serious draw- 
backs. The instruments and machinery from which they are 
immediately derived are, unfortunately, exposed in such a manner 
as to render the exercise of the powers themselves hazardous in 
the extreme. It needs no profound engineering knowledge to 
perceive that the paddle-wheels are eminently exposed to shot, 
which, taking effect, would altogether disable the vessel, and 
leave her at the mercy of the enemy ; and the chimney is even 
more exposed, the destruction of which would render the vessel a 
prey to the enemy within itself in the shape of fire. But besides 
these most obvious sources of exposure in vessels of the present 
form intended as a national defence, the engines and boilers 
themselves, being more or less above the water line, are exposed 
so as to be liable to be disabled by shot. 

A war steamer, to be free from these objections, should be pro- 
pelled by subaqueous apparatus. Her engines, boilers, and all 
other parts of her machinery should be below the water-line. Her 
fuel should be hard coal, burning without visible smoke, so that 
her approach may not be discoverable from a distance. Her fur- 
naces might be worked by blowers, so that the chimney might be 
dispensed with, and thus its liability to be carried away by shot 
removed. 

21. The policy of the British government has been to rely on the 
commercial steam navy as a means of national defence, in the 
event of the sudden outbreak of war. By the evidence given 
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before a committee of the House of Commons in 1850, and the 
report founded thereupon, it appeared that commercial steamers 
in general are capable of war service, with no other previous 
alteration or preparation than such as are easily practicable and 
expeditiously executed. It was shown that all steamers of 400 
tons and upwards would be capable, with some additional strength- 
ening, to carry such pivot guns as are used in war-steamers, and 
that there are few mercantile steamers of any size, which might 
not carry an armament such as would render them useful in case 
of an emergency. 

22. The principle on which the steam-engine is applied to the 
propulsion of ships is the same as that by which oars act in pro- 
pelling boats. In both cases the propelling instruments having a 
point or points of reaction on the vessel, are made to drive a mass 
of water backwards, and the moving force, or momentum, thus 
imparted to the water from stem to stern, is necessarily attended 
with a reaction from stern to stem, which, taking effect on the 
vessel, gives it a corresponding progressive motion. 

I3y the well-known mechanical principle of the composition and 
resolution of force, it can be demonstrated that whatever force 
may be imparted to the water by the propeller, such force can be 
resolved into two elements, one of which is parallel, and the 
other in a plane at right angles to the keel. The former 
alone can have a propelling effect, and since the latter is wholly 
ineffective, the propeller should always be so constructed that its 
whole force, or at least the chief part of it, shall be employed in 
driving the water in a direction parallel to the keel from stem to 
stern. 

23. The mechanical expedients by which the power of steam is 
rendered available for the propulsion of vessels are very various, 
both as regards the form of the engine which acts upon the pro- 
peller, and the form of the propeller itself. 

In all cases hitherto reduced to practice, the propeller is a wheel 
fixed upon a horizontal shaft, to which the engine imparts a 
motion of continued rotation. The wheel is so constructed that 
when it revolves it imparts to a volume of water, more or less 
considerable, a motion either directly backwards, or one whose 
principal component has that direction. The greater the pro- 
portion which this principal component has to the entire force 
exercised by the propeller, the more effective it will be. 

24. The propellers hitherto practically applied in steam- naviga- 
tion are of two kinds, called paddle-wheels and screws. 

The shaft of the paddle-wheels is fixed horizontally across the 
vessel, and consequently at right angles to the direction of the 
keel. 
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The shaft of the screws is placed horizontally in the vessel 
parallel to the keel, and directly above it. 

The faces of the paddle-wheels look sideways and are conse- 
quently parallel to the keel. 

The faces of the screws look sternwards, and are consequently 
at right angles to the keel. 

25. The paddle-wheels are in pairs one at each side of the vessel 
and outside the hull, being supported on the projecting ends of 
the paddle-shaft, and covered by large semi-cylindrical drums 
called paddle-boxes . 

The screws are generally single wheels, within the vessel under 
its hull, and placed near the stern. 

Only the lower parts of the paddle-wheels are immersed. The 
screws are altogether submerged. 

26. The paddle-shaft being carried on each side beyond the 
timbers of the vessel, the wheels supported by it and revolving 
with it, are usually constructed like undershot water-wheels, 
having attached to their rims a number of flat boards called 
paddle-boards . As the wheels revolve, these paddle-boards strike 
the water, driving it in a direction contrary to that in which it is 
intended the vessel should be propelled. On the paddle-shaft 
two cranks are constructed, similar to the crank on the axle of 
the fly-wheel of a stationary engine. These cranks are generally 
placed at right angles to each other, so that when either is in its 
highest or lowest position the other shall be horizontal. They 
are driven by two steam-engines, which are usually placed in the 
hull of the vessel below the paddle-shaft. In the earlier steam- 
boats a single steam-engine was used, and in that case the unequal 
action of the engine on the crank was equalised by a fly-wheel. 
This, however, has been long since abandoned in European vessels, 
and the use of two engines is now almost universal. By the relative 
position of the cranks it will be seen, that when either crank is at 
its dead point the other will be in one of the positions most favour- 
able to its action, and in all intermediate positions, the relative 
efficiency of the cranks will be such as to render their combined 
action very nearly uniform. 

The steam-engines used to impel vessels may be either con- 
densing engines, similar to those of Watt, and such as are used in 
manufactures generally, or they may be non-condensing and high- 
pressure engines, similar in principle to those used on railways. 
Low-pressure condensing engines are, however, universally used for 
marine purposes in Europe, and to a great extent in the United 
States. In the latter country, however, high-pressure engines arc 
also used in some of the river steamers. 

27. The arrangement of the parts of a marine engine differs in 
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some respects from that of a land engine. The limitation of space, 
which is unavoidable in a vessel, renders greater compactness 
necessary. The paddle-shaft on which the cranks to be driven by 
the engine are constructed being very little below the deck of the 
vessel, the beam, if there be one, and connecting rod could not be 
placed, in the position in which they usually are in land engines, 
without carrying the machinery to a considerable elevation above 
the deck. This is done in the steam-boat engines used on the 
American rivers ; but it would be inadmissible in steam-boats in 
general, and more especially in sea-going steamers. The connect- 
ing rods, therefore, instead of being presented downwards towards 
the cranks which they drive, must, in steam-vessels, be presented 
upwards, and the impelling force be received from below. If, 
under these circumstances, the beam were in the usual position 
above the cylinder and piston-rod, it must necessarily be placed 
between the engine and the paddle- shaft. This would require a 
depth for the machinery which would be incompatible with the 
magnitude of the vessel. The beam, therefore, of marine engines, 
instead of being above the cylinder and piston, is placed below 
them. To the top of the piston rods, cross-pieces are attached, 
of greater length than the diameter of the cylinders, so that their 
extremities shall project beyond the cylinders. To the ends of 
these cross-pieces arc attached by joints the rods of a parallel 
motion : these rods are carried downwards, and are connected 
with the ends of two beams below the cylinder, and placed on 
either side of it. The opposite ends of these beams are con- 
nected by another cross-piece, to which is attached a connecting 
rod, which is continued upwards to the crank-pin, to which it 
is attached, and which it drives. Thus the beam, parallel motion, 
and connecting rod of a marine engine, are similar to those of a 
land engine, only that they are turned upside down ; and in con- 
sequence of the impossibility of placing the beam directly over the 
piston rod, two beams and two systems of parallel motion are pro- 
vided, one on each side of the engine, acted upon by, and acting 
on the piston rod and crank by cross-pieces.* 

The proportion of the cylinders differs from that usually ob- 
served in land engines for like reasons. The length of the 
oylinder of land engines is generally greater than its diameter, 
in the proportion of about two to one. The cylinders of marine 
engines are, however, commonly constructed with a diameter 
greater than their length. In proportion, therefore, to their 
power their stroke is shorter, which infers a corresponding short- 

* Wc must assume that the reader of the present Tract lias already 
rendered himself familiar with the several Tracts on Steam and the Steam 
Engine, already published iu the Museum. 
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ness of crank and a greater limitation of play of all tho moving 
parts in the vertical direction. The valves and the gearing by 
which they are worked, the air-pump, the condenser and other 
parts of the marine engines, do not differ in principle from those 
already described in land engines. 

These arrangements will be more clearly understood by 
reference to fig. 1 , in which is represented a longitudinal 
section of one of the many varieties of beam engine, with its 
boiler as placed in a steam-vessel. The sleepers of oak, sup- 
porting the engine, are represented at x, the base of the engine 
being secured to these by bolts passing through them and the 
bottom timbers of the vessel ; s is the steam-pipe leading from 
the steam-chest in the boiler to the slides c, by which it is 
admitted to the top and bottom of the cylinder. The condenser is 
represented at n, and the air-pump at E. The hot well is seen at 
F, from which the feed is taken for the boiler ; l is the piston-rod 
connected by the parallel motion a , with the beam ir, working on 
a centre K, near the base of the engine. The other end of the 
beam i drives the connecting rod M, which extends upwards to 
the crank, which it works upon the paddle-shaft o. q it is the 
framing by which the engine is supported. The beam here exhi- 
bited is shown on dotted lines as being on the further side of the 
engine. A similar beam similarly placed, and moving on the 
same axis, must be understood to be at this side connected with 
the cross-head of the piston in like manner by a parallel motion, 
and with a cross-piece attached to the lower end of the connecting 
rod and to the opposite beam. The eccentric which works the 
slides is placed upon the paddle-shaft o, and the connecting arm 
which drives the slides may be easily detached when the engine 
requires to be stopped. The section of the boiler, grate, and flues 
is represented at w ir. The safety-valve y is enclosed beneath a 
pipe carried up beside the chimney, and is inaccessible to the 
engine man ; h are the cocks for blowing the salted water from 
the boiler, and 1 1 the feed-pipe. 
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CHAPTER II. 

‘28. Arrangement of the engine-room ; governor and other regulating parts 
omitted. — 29. Flue boilers and tubular boilers. — 30. Construction of 
Hue boilers. — 31. Tubular boilers. — 32. Indications of engineering 
ignorance. — 33. Number and dimensions of tubes. — 34. Incrustation 
produced by seawater. — 35. ilydrometric indicators. — 37. Thermo- 
metric indicators. — 38. Seaward’s contrivance. — 39. Brine-pumps. — 
40. Blowing out. — 41. To detach the scale. — 4 2. Effect of corrosion. 
— 43. Efficiency and economy of fuel. — 44. Coating the boiler and 
pipes with lelt. 

28. The general arrangement of the engine-room of a steam- 
vessel is represented in iig. 3, page 1.31. 

The nature of the effect required to he produced by marine 
engines, does not render either necessary or possible that great 
regularity of action, which is indispensable in a steam-engine 
applied to the purposes of manufacture. The agitation of the 
surface of the sea will cause the immersion of the paddle-wheels 
to be subject to great variation, and the resistance produced by 
the water to the engine will undergo a corresponding change. 
The governor, therefore, and other parts of the apparatus, con- 
trived for giving to the engine that great regularity required in 
manufactures, are omitted in nautical engines, and nothing is 
introduced save what is necessary to maintain the machine in its 
full working efficiency. 

Marine boilers are constructed in forms so infinitely various, 
that, in a notice so brief and popular as the present, we can only 
indicate some of their more general arrangements, and aid the 
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explanation by figures representing examples of particular, classes 
of them. 

29. To save spaoe, they are constructed so as to produce the 
necessary quantity of steam, within the smallest possible dimen- 
sions. With this view a more extensive surface in proportion to 
the capacity of the boiler is exposed to the action of the fire. The 
flues, by which the flame and heated air are conducted to the 
chimney, are generally so constructed that the heated air issuing 
from the furnaces may be made to pass through the boiler, either 


Fiff. 3. 



by a series of oblong narrow passages with flat sides, 
or by a multitude of tubes of small diameter, the one and the 
other leading from the furnaces to the base of the chimney, and 
being everywhere below the level of the water in the boiler. The 
former are called Jiue boilers , and the latter tubular boilers. 

30. In the former class of boilers the flues are so formed as to 
traverse the boiler backwards and forwards several times before 
they terminate in the chimney. Such an arrangement renders the 
expense of the boilers greater than that of common land boilers, 
but their steam-producing power is greatly augmented. Experi- 
ments made by Mr. Watt, at Birmingham, proved that such boilers 
■with the same consumption of fuel will produce, as compared with 
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common land boilers, an increased evaporation in the proportion of 
about three to two. 

The form and arrangement of the water-spaces and dues in 
Hue boilers are infinitely various. The sections of such boilers 
are exhibited in dgs. 4, o, 6. A section made by a horizontal 
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plane passing through the dues is exhibited in dg. 4. The 
furnaces r communicate in pairs with the dues e, the air following 
the course through the dues represented by the arrows. The due K 
passes to the back of the boiler, then returns to the front, then 

Fig. 5. 
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to the back again, and is finally carried back to the front, where 
it communicates at c with the curved fiue b, represented in the 
transverse vertical section, fig. 5. This curved flue b finally 
terminates in the chimney a. There are, in this case, three inde- 
pendent boilers, each worked by two furnaces communicating with 
the same system of flues ; and in the curved flues b, fig. 5, by 
which the air is finally conducted through the chimney, are placed 
three independent dampers, by means of which the furnace of 
each boiler can be regulated independently of the other, and by 
which each boiler may be separately detached from communication 
with the chimney. 

A longitudinal section of the boiler, made by a vertical plane 
extending from the front to the back, is given in fig. 6, where F, 
as before, is the furnace, a the grate-bars sloping downwards 
from the front to the back, H the fire-bridge, c the commencement 
of the flues, and A the chimney. An elevation of the front of the 

Fig. o. 



boiler is represented in fig. 7, showing two of the fire-doors closed 
and the other two removed, displaying the position of the grate- 
bars in front. Small openings are also provided, dosed by proper 
doors, by which access can be had to the under-side of the flues, 
between the foundation timbers of the engine, for the purpose of 
cleaning them. 

Each of these boilers can he worked independent! y of the others. 
By this means, when at sea, the engine may be worked by any 
two of the three boilers, while the third is being cleaned and put 
in order. 

In the boilers here represented the flues are all upon the same 
level, winding backwards and forwards without passing one above 
the other. In other boilers, however, the flues, after passing 
backwards and forwards near the bottom of the boiler, turn 
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upwards and pass backwards and forwards through a level of the 
water nearer its surface, finally terminating in the chimney. More 
heating surface is thus obtained with the same capacity of boiler. 

It is found in practice, that the most efficient parts of the Hue- 
surface for the generation of steam, are those which are horizontal 

Fig. 7. 



and at the upper parts of the Hue, and the least efficient those 
which are horizontal and at the lowest part, the efficiency of the 
vertical sides being intermediate. 

Since the flues are liable occasionally to become choked with 
soot and ashes, it is necessary that their magnitude shall be 
sufficient to allow a boy to enter them for the purpose of cleaning 
them. 

31. Tubular marine boilers are constructed on a principle pre- 
cisely similar to that of locomotive boilers, described in a former 
Tract. The flame and gaseous products of combustion, issuing 
from the furnace at a very elevated temperature, pass through a 
great number, sometimes several hundred, tubes of iron or brass, 
of about three inches diameter, whicli traverse the boiler below the 
level of the water in it, so that before they enter the chimney their 
temperature is reduced to a comparatively low point, the heat 
they thus lose being taken up by the water surrounding the tubes. 

Flue boilers have the advantage over tubular boilers in being 
cheaper and more durable. With the same evaporating power 
they are however one-third larger and heavier, and consequently 
occupy a greater portion of the tonnage, and produce, other 
things being the same, a proportionally greater displacement, the 
latter condition augmenting the resistance, and therefore either 
diminishing the speed, or increasing the consumption of fuel. 
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32. There cannot be a more striking proof of the ignorance of 
general principles which prevails, respecting this branch of steam 
engineering, than the endless variety of forms and proportions 
which are adopted in the boilers and furnaces which are con- 
structed, not only by different engineers but by the same 
engineer, for steamers of like power and capacity, and even for 
the same steamer at different times. Thus the original boilers 
of the Great Western , built for the New York and Bristol or 
Liverpool voyage, were of the common Hue sort. They were 
subsequently taken out and replaced by tubular boilers. The 
-dimensions and relative proportions of these two sets of boilers, 
thus supplied to the same vessel for the same voyage, differing as 
completely one from the other as if they had been designed for 
different vessels and different voyages. 

On contemplating engineering proceedings, such as are exhibited 
in the preceding table, it is impossible to deny that practical men 
in such cases are groping in the dark, without the slightest benelit 
from the light which they ought to derive, from the present 
advanced state of physical science. 

33. Tubular flues have been in many steamers adopted in 
preference to the flat and longer flues already described. In the 
second set of boilers of the Great Western above mentioned, the 
tubes were eight feet in length and three inches in diameter. In 
the boilers of the steamer Ocean, which are also tubular, the 
following are the principal dimensions : — 


Boilers : 


Length 

. 9 feet 

Nuinlier 

. 3 

Diameter 

. 3] inches. 

Length . 

. .14 feet. 

• Cylinders : 

Breadth 

.194 feet. 

i Number 

. 2 

[Furnaces : 


Diameter 

. . 56 inches. 

Number . 

t 

Stroke 

54 feet. 

Length 

- . 7 feet. 

Drossure of ste 

am above 

Breadth . 

. . 2/J feet. 

atmosphere 

44 lbs. per in. 

Tul>es : 


Consumption i 

>f coal 

Material 

. Iron. 

, per hour . 

. 1 S cwt. 

Number 

. . 378 



Among the more recent specifications of the machinery of marine 
engines submitted to the Admiralty, are some in which the boilers 
are traversed by nearly 2000 tubes of 3J inches external diameter, 
and five feet in length, giving a total heating surface of about 
0000 square feet. 

34. A formidable difficulty in the application of the steam- 
engine to sea voyages has arisen from the necessity of supplying 
the boiler with sea water instead of fresh water. The sea water 
ds injected into the condenser for the purpose of condensing the 
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steam, and, mixed with the condensed steam, it is thence con- 
ducted as feeding water into the boiler. 

Sea water holds, as is well known, certain saline and alkaline sub- 
stances in solution, the principal of which is muriate of soda, or 
common salt. Ten thousand grains of pure sea water contain two 
hundred and twenty grains of common salt, the remaining ingre- 
dients being thirty-three grains of sulphate of soda, forty-two grains 
of muriate of magnesia, and eight grains of muriate of lime. The 
heat which converts pure water into steam does not at the same 
time evaporate those salts which the water holds in solution. As 
a consequence it follows, that, as the evaporation in the boiler is 
continued, the salt, which was held in solution by the water 
which has been evaporated, remains in the boiler, and enters into 
solution with the water remaining in it. The quantity of salt 
contained in sea water being considerably less than that which 
water is capable of holding in solution, the process of evaporation 
for some time is attended with no other effect, than to render the 
water in the boiler a stronger solution of salt. If, however, this 
process be continued, the quantity of salt retained in the boiler 
having constantly an increasing proportion to the quantity of 
water, it must at length render the water in the boiler a saturated 
solution ; that is, a solution containing as much salt as, at the 
actual temperature, it is capable of holding in solution. If, 
therefore, the evaporation be continued beyond this point, the salt 
disengaged from the water evaporated, instead of entering into 
solution with the water remaining in the boiler, will he precipitated 
in the form of sediment ; and if the process be continued in the 
same manner, the boiler would at length become a mere salt-pan. 

But besides the deposition of salt sediment in a loose form, some 
of the constituents of sea water having an attraction for the iron 
of the boiler, collect upon it in a scale or crust, in the same manner 
as earthy matters, held in solution by spring water, are observed to 
form and become incrusted on the inner surface of land-boilers 
and of common culinary vessels. 

The coating of the inner surface of a boiler by incrustation, and 
the collection of salt sediment in its lower parts, are attended 
with effects highly injurious to the materials of the boiler. The 
crust and sediment thus formed within the boiler are almost non- 
conductors of heat, and placed, as they are, between the water 
contained in the boiler and the metallic plates which form it, they 
obstruct the passage of heat from the outer surface of the plates 
in contact with the fire, to the water. The heat, therefore, accu- 
mulating in the boiler-plates so as to give them a much higher 
temperature than the water within the boiler, has the effect of 
softening them, and by the unequal temperature which will thus 
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bo imparted to tlie lower plates which aro incrusted, compared 
with the higher parts which may not be so, an unequal expansion 
is produced, by which the joints and seams of the boiler, are 
loosened and opened, and leaks produced. 

These injurious effects can only be prevented by either of two 
methods ; first, by so regulating the feed of the boiler that the 
water it contains shall not be suffered to reach the point of 
saturation, but shall be so limited in its degree of saltness that no 
injurious incrustation or deposit shall be formed ; secondly, by 
the adoption of some method by which the boiler may be worked 
with fresh water. This end can only be attained by condensing 
the steam by a jet of fresh water, and working the boiler con- 
tinually by the same water, since the supply of fresh water 
sufficient for a boiler worked in the ordinary way, could never be 
commanded at sea. 

The method by which the saltness of the water in the boiler is 
most commonly prevented from exceeding a certain limit, has 
been to discharge from the boiler into the sea a certain quantity 
of over- salted water, and to supply its place by sea water intro- 
duced into the condenser through the injection-cock, for the 
purpose of condensing the steam, this water being mixed with the 
steam so condensed, and being, therefore, a weaker solution of 
salt than common sea water. To effect this, cocks called blow - 
off cocks are usually placed in the lower parts of the boiler, where 
the over-salted, and therefore heavier, parts of the water collect. 
The pressure of the steam and incumbent weight of the water in 
the boiler force the lower strata of water out through these coeks ; 
and this process, called blowing out, is, or ought to be practised at 
such intervals as will prevent the water from becoming over- 
salted. When the salted water has been blown out iu this 
manner, the level of the water in the boiler is restored by a feed 
of corresponding quantity. 

This process of blowing out, on the due and regular observance 
of which the preservation and elliciency of the boiler mainly 
depend, is too often left at the discretion of the engineer, who is, 
in most cases, not even supplied with the proper means of ascer- 
taining the extent to which the process should be carried. It is 
commonly required that the engineer should blow out a certain 
portion of the water in the boiler every two hours, restoring the 
level by a feed of equivalent amount ; but it is evident that the 
sufficiency of the process, founded on such a rule, must mainly 
depend on the supposition, that the evaporation proceeds always at 
the same rate, which is far from being the case with marine boilers. 

35. An indicator, by which the saltness of the water in the 
boiler would always be exhibited, ought to be provided, and the 

137 



STEAM NAVIGATION. 


process of blowing out should be regulated by the indications of 
that instrument. To blow out more frequently than is neoessary 
is attended with a waste of fuel ; for hot water is thus discharged 
into the sea while cold water is introduced in its place, and con- 
sequently all the heat necessary to produce the difference of the 
temperatures of the water blown out, and the feed introduced, is 
lost. If, on the other hand, the process of blowing out be observed 
less frequently than is necessary, then more or less incrustation 
and deposit may be produced, and the injurious effects already 
described ensue. 

36. As the specific gravity of water holding salt in solution is 
increased with every increase of the strength of the solution, any 
form of hydrometer capable of exhibiting a visible indication of 
the specific gravity of the water contained in the boiler, would 
serve the purpose of an indicator, to show when the process of 
blowing out is necessary, and "when it has been carried to a 
sufficient extent. The application of such instruments, however, 
would be attended with some practical difficulties in the case of 
sea boilers. 

37 . The temperature at which a solution of salt boils under a 
given pressure varies considerably with the strength of the 
solution ; the more concentrated the solution is, the higher will 
be its boiling temperature under the same pressure. A comparison, 
therefore, of a steam-gauge attached to the boiler, and a ther- 
mometer immersed in it, showing the pressure and the temperature, 
would always indicate the saltncss of the water ; and it would 
not be difficult so to graduate these instruments as to make them 
at once show the degree of saltness. 

If the application of the thermometer be considered to be 
attended with practical difficulty, the difference of pressures under 
which the salt water of the boiler and fresh water of the same 
temperature boil, might be taken as an indication of the saltness 
of the water in the boiler, and it would not be difficult to construct 
upon this principle a self-registering instrument, which would 
not only indicate but record from hour to hour the degree of 
saltness of the water. A small vessel of distilled water being 
immersed in the water of the boiler would always have the tem- 
perature of that water, and the steam produced from it com- 
municating with a steam-gauge, the pressure of such steam would 
be indicated by that gauge, while the pressure of the steam in 
the boiler under which pressure the salted water boils might be 
indicated by another gauge. The difference of the pressures 
indicated by the two gauges would thus become a test, by which 
the saltness of the water in the boiler would be measured. The 
two pressures might be made to act on opposite ends of the same 
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column of mercury contained in a siphon tube, and the difference 
of the levels of the two surfaces of the mercury, would thus 
become a measure of the saltness of the water in the boiler. A 
self-registering instrument, founded on this principle, formed part 
of the self- registering steam -log which I proposed to introduce 
into steam-vessels some time since. 

38. The Messrs. Seaward of Limehouse adopted, in some of 
their engines, a method of indicating the saltness of the water, 
and of measuring the quantity of salted water or brine discharged 
by blowing out. A glass-gauge, similar in form to that already 
described in land engines, is provided, to indicate the position of 
the surface of the water in the boiler. In this gauge two hydro- 
meter balls are provided, the weight of which in proportion to 
their magnitude is such, that they would both sink to the bottom 
in a solution of salt of the same strength as common sea water. 
When the quantity of salt exceeds ^ parts of the whole weight 
•of the water, the lighter of the two balls will float to the top ; 
and when the strength is further increased until the proportion 
of salt exceeds ^ parts of the whole, then the heavier ball will 
float to the top. The actual quantity of salt held in solution by 
sea water in its ordinary state is ^ part of its whole weight ; 
and when by evaporation the proportion of salt in solution has 
become a parts of the whole, then a deposition of salt commences. 
With an indicator such as that above described, the ascent 
•of the lighter hydrometer ball gives notice of the necessity for 
blowing out, and the ascent of the heavier may be considered as 
indicating the approach of an injurious state of saltness in the 
boiler. 

The ordinary method of blowing out the salted water from 
a boiler is by a pipe, having a cock in it leading from the boiler 
through the bottom of the ship, or at a point low down at its side. 
Whenever the engineer considers that the water in the boiler has 
become so salted, that the process of blowing out should com- 
mence, be opens the cock communicating by this pipe with the 
sea, and suffers an indefinite and uncertain quantity of water to 
escape. In this way lie discharges, according to the magnitude 
of the boiler, from two to six tons of water, and repeats this at 
intervals of from two to four hours, as he may consider to he 
sufficient. If, by observing this process, ho prevents the boiler 
from getting incrusted during the voyage, he considers his duty 
to be effectually discharged, forgetting that he may have blown 
out many times more water than is necessary for the preservation 
of the boiler, and thereby produced a corresponding and unneces- 
sary waste of fuel. In order to limit the quantity of water 
discharged, Messrs. Seaward adopted the following method. In 
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fig. 8 is represented a transverse section of a part of a steam- 
vessel; w is the water-line of the boiler, n is the mouth of a 
blow-off pipe, placed near the bottom of the boiler. This pipe 
rises to a, and turning in the horizontal direction, A c, is con- 
ducted to a tank T, which contains exactly a ton of water. This 
pipe communicates with the tank by a cock D, governed by a 
lever H. When this lever is moved to n', the cock n is open, and 
when it is moved to k, the cock d is closed. From the same tank 
there proceeds another pipe e, which issues from the side of the 
vessel into the sea, governed by a cock r, which is likewise put in 

Fig. S. 



connection with the lever n, so that it shall be opened when the- 
lever H is drawn to the position f', the cock j) f being closed in all 
positions of the lever between k and f'. Thus, whenever the 
cock f communicating with the sea is open, the cock i> communi- 
cating with the boiler is closed, and vice versd , both cocks being 
closed when the lever is in the intermediate position K. By this 
arrangement the boiler cannot, by any neglect in blowing off, be 
left in communication with the sea, nor can more than a ton 
of water be discharged except by the immediate act of the 
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engineer. The injurious consequences are thus prevented which 
sometimes ensue, when the blow-off cocks are left open by any 
neglect on the part of the engineer. When it is necessary to blow 
off, the engineer moves the lever n to the position d'. The pres- 
sure of the steam in the boiler on the surface of the water 
forces the salted water or brine up the pipe n a, and through the 
open cock c into the tank, and this continues until the tank is 
filled : when that takes place, the lever is moved from the posi- 
tion i>' to the position e', by which the cock D is closed, and the 
cock v opened. The water in the tank flows through the pipe E 
into the sea, air being admitted through the valve v, placed at 
the top of the tank, opening inwards. A second ton of brine 
is discharged by moving the lever back to the position n', and 
subsequently returning it to the position v ' ; and ‘in this way the 
brine is discharged ton by ton, until the supply of water from the 
feed which replaces it has caused both the balls in the indicator to 
sink to the bottom. 

30. A different method of preserving the requisite freshness of 
the water in the boiler was adopted by Messrs. Maudslay and 
Field. Pumps called brine-pumps are put into communication 
with the lower part of the boiler, and so constructed as to draw 
the brine therefrom, and drive it into the sea. These brine- 
pumps are worked by the engine, and their operation is constant. 
The feed-pumps are likewise worked by the engine, and they bear 
such a proportion to the brine-pumps that the quantity of salt 
discharged in a given time in the brine is equal to the quantity 
of salt introduced in solution by the water of the feed-pumps. 
By this means the same actual quantity of salt is constantly 
maintained in the boiler, and consequently the strength of the 
solution remains invariable. If the brine discharged by the 
brine-pumps contains parts of salt, while the water introduced 
by the feed-pumps contains only ^ part, then it is evident that 
five cubic feet of the feeding-water will contain no more salt than 
is contained in one cubic foot of brine. Under such circumstances 
the brine-pumps would be so constructed as to discharge l of the 
water introduced by the feed-pumps, so that * of all the water 
introduced into the boiler would be evaporated, and rendered 
available for working the engine. 

To save the heat of the brine, a method has been adopted in 
the marine engines constructed by Messrs. Maudslay and Field, 
similar to one which has been long practised in steam-boilers, and 
in various apparatus for the warming of buildings. The current 
of heated brine is conducted from the boiler through a tube 
which is contained in another, through which the feed is intro- 
duced. The warm current of brine, therefore, as it passes out, 
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imparts a considerable portion of its heat to the cold feed which 
comes in ; and it is found that by this expedient the brine discharged 
into the sea may be reduced to a temperature of about 100°. 

This expedient is so effectual, that when the apparatus is pro- 
perly constructed, and kept in a state of efficiency, it may be 
regarded as nearly a perfect preventive against the incrustation,, 
and the deposition of salt in the boilers, and is not attended with 
any considerable waste of fuel. 

40. It is maintained by some practical men, that the economy 
of heat effected by brine-pumps, such as have been just described, 
is more than counterbalanced by the risk which attends them, if 
not accompanied by proper precautions. The pipes through which 
the salted water is discharged are, it is said, apt to get choked, in 
which case the pumps will necessarily cease to act, though they 
appear to the engineer to do so ; and thus the water in the boiler 
may become salted to any extent without the knowledge of the- 
engineer. "When the process of blowing out is executed in the 
ordinary way, without brine- pumps, t lie engineer looks at his 
water-gauge and keeps the blow-off cock open, until the water 
level has fallen to the required point. Under these circumstances 
there is a certainty of having discharged from the boiler a certain 
quantity of salted water, a certainty which does not exist in the 
case of a continuous discharge of water by brine-pumps. 

Such expedients, therefore, it is contended, should always be 
accompanied by some indicator, which shall show the degree of 
saltness of the water in the boiler, such as we shall presently 
explain. 

41. In practice, if a marine boiler be regularly attended to, 
and the salted water be discharged either by the common 
method of blowing-off cocks or by brine-pumps, or any other expe- 
dient which shall impose the necessary limit on the degree of con- 
centration of water in the boiler, the evil arising from incrustation 
will be quite inconsiderable. 

A scale will in all cases be formed on the inner surface of the 
boilers, which must be removed from time to time when the vessel 
is in port. The best method of effecting this is by lighting some 
shavings, or other light and flaming combustible, in the furnaces 
when the boilers are empty and the safety-valves open. The 
expansion of the metal by the heat thus produced being greater 
than that of the matter composing the scale, the latter will be 
detached and will fall in pieces to the bottom of the boiler, from 
which it can be withdrawn with the water at the man-holes. 

In some cases, however, it will be preferable to detach the scale 
by the hammer or chisel. 

42. It is a great error to suppose that incrustation is either the 
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sole or principal cause of the rapid destruction of marine boilers. 
If it were so, it would necessarily happen that marine boilers in 
which expedients are adopted by which fresh water is used, or 
even those in which the process of blowing out has been regularly 
observed, and in which the scale is detached before it is allowed 
to thicken to an injurious extent, would last as long, or nearly as 
long, as land boilers. It is found, however, that the boilers in 
which these expedients are adopted with the greatest effect and 
regularity are, nevertheless, less durable in a very large propor- 
tion than land boilers. Thus, while a land boiler will last for 
twenty years, a marine boiler, similarly constructed, will, even 
with the greatest care, be worn out in four or live years. 

The cause of this rapid destruction of the boiler is corrosion, 
but how this corrosion is produced is a question which has not 
hitherto been satisfactorily answered. It is contended that this 
is not to be ascribed to any chemical action of the sea water on 
the iron, inasmuch as the hues of marine boilers rarely show any 
deterioration from this cause, and even in worn-out marine boilers 
the hammer-marks on the Hues are as conspicuous as when they are 
fresh from the boiler-maker. The thin film of scale which covers 
the interior surface would rather protect the iron from the action 
of the water. In tine, the seat of the corrosion is almost never 
those parts of the boiler which are in contact with the water. It 
is that part of the metal which includes the steam space that 
exhibits corrosion ; but even there the effect is so irregular, that 
no data can be obtained by which the cause can be satisfactorily 
traced. The part which is most rapidly corroded in one boiler is 
not at all affected in another ; and in some cases we find one side 
of the steam-chest attacked, the other side being untouched. 
Sometimes the iron exfoliates in llakes, while in others it appears 
as though it were eaten away by an acid. 

43. In the application of the steam-engine to the propulsion of 
vessels in voyages of great extent, the economy of fuel acquires 
an importance greater than that which appertains to it in land 
engines, even in localities the most removed from coal-mines, and 
where its expense is greatest. The practical limit to steam 
voyages being determined by the greatest quantity of coals which 
a steam vessel can carry, every expedient by which the efficiency 
of the fuel can bo increased becomes a means, not merely of a 
saving of expense, but of an increased extension of steam-power to 
navigation. Much attention has been bestowed on the augmenta- 
tion of the duty of engines in the mining districts of Cornwall, 
where the question of their efficiency is merely a question of 
economy ; hut far greater care should be given to this subject, 
when the practicability of maintaining intercourse by steam 
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between distant points of the globe, will perhaps depend on the 
effect produced by a given quantity of fuel. So long as stcaui 
navigation was confined to river and channel transport and to 
coasting voyages, the speed of the vessel was a paramount con- 
sideration, at whatever expenditure of fuel it might be obtained ; 
but since steam navigation has been extended to ocean voyages, 
where coals must be transported sufficient to keep the engine in 
operation for a long period of time without a fresh relay, greater 
attention has been bestowed upon the means of economising it. 

Much of the efficiency of fuel must depend on the management 
of the fires, and therefore on the skill and care of the stokers. 
Formerly the efficiency of firemen was determined by the abundant 
production of steam ; and so long as the steam was evolved in 
superabundance, however it might have blown off to waste, the duty 
of the stoker was considered as well performed. The regulation of 
the fires according to the demands of the engine was not thought 
of, and whether much or little steam was wanted, the duty of the 
stoker was to urge the fires to their extreme limit. 

Since the resistance opposed by the action of the paddle-wheels 
of a steam-vessel varies with the state of the weather, the con- 
sumption of steam in the cylinders must undergo a corresponding 
variation ; and if the production of steam in the boilers be not 
proportioned to this, the engines will either work with less effi- 
ciency than they might do under the actual circumstances of the 
weather, or more steam will be produced in the boilers than the 
cylinders can consume, and the surplus will be discharged to waste 
through the safety valves. The stokers of a marine engine, there- 
fore, to perform their duty with efficiency, and obtain from the fuel 
the greatest possible effect, must discharge the functions of a self- 
regulating furnace, such as lias been already described : they must 
regulate the force of the fires by the amount of steam which the 
cylinders are capable of consuming, and they must take care that no 
unconsumed fuel is allowed to be carried away from the ash-pit. 

44. Formerly the heat radiated from every part of the surface 
of the boiler was allowed to go to waste, and to produce injurious 
effects on those parts of the vessel to which it was transmitted. 
This evil, however, has been removed by coating the boilers, 
steam-pipes, &c., of steam- vessels with felt, by which the escape 
of heat from the surface of the boiler is very nearly, if not alto- 
gether, prevented. This felt is attached to the boiler surface by 
a thick covering of white and red lead. This expedient was first 
applied in the year 1818 to a private steam vessel of Mr. Watt’s, 
called the Caledonia ; and it was subsequently adopted in another 
vessel, the machinery of which was constructed at Soho, called 
the James Watt. 
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CHAPTER III. 

45. Economy of fuel. — 46. Width and depth of furnace. — 47. Advantage 
of expansive action. — 4S. Siamese engines. — 4t>. Simplified arrange- 
ments. — 50. Number and position of cylinders. — 51. Proportion of 
diameter to stroke. — 52. Oscillating engines. — 53. Engines of the 
Petcrhoff. — 54. Propellers. — 55. The common paddle-wheels. — 56. 
Feathering paddles. — 57. Morgan’s paddle-wheel. — 53. Field's split 
paddles. — 5th American paddle-wheel. — 60. Practical objections to 
feathering paddles. — 61. Proportion of marine engines. — 62. Sub- 
merged propellers. — 63. Their disadvantages. — 64. Screw-propellers. 

- — 65. Pitch and slip. — CC. Maimer of mounting screw-propellers. — 
G7. Their various forms. 

45. Tite economy of fuel depends in a great degree on the 
arrangement of the furnaces, and the method of feeding them. 
In general, each boiler is worked by two or more furnaces 
communicating with the same system of Hues. While the furnace 
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is fed, the door being open, a stream of cold air rushes in, passing 
over the burning fuel and lowering the temperature of the flues : 
this is an evil to be avoided. But, on the other hand, if the fur- 
naces be fed at distant intervals, each furnace will be imduly 
heaped with fuel, a great quantity of smoke will be evolved, 
and the combustion of the fuel will be proportionally imperfect. 
The process of coking in front of the grate, which would insure a 
complete combustion of the fuel, has beeu already described in our 
tract on the Steam Engine. A frequent supply of coals, however, 
laid carefully on the front part of the grate, and gradually pushed 
backwards as cacli fresh feed is introduced, would require the fire 
door to be frequently opened, and cold air to be admitted. It 
would also require greater vigilance on the part of the stokers, 
than can generally he obtained in the circumstances in which they 
work. In steam-vessels the furnaces are therefore fed less fre- 
quently, fuel is introduced in greater quantities, and a less perfect 
combustion produced. 

'When several furnaces are constructed under the same boiler, 
communicating with the same system of flues, the process of feed- 
ing, and consequently opening one of them, obstructs the due 
operation of the others, for the current of cold air which is thus 
admitted into the Hues checks the draught, and diminishes the 
efficiency of the furnaces in operation. It was formerly the practice 
in vessels exceeding one hundred horse-power, to place four 
furnaces under each boiler, communicating with the same system 
of Hues. Such an arrangement was found to be attended with a 
bad draught in the furnaces, and therefore to require a greater 
quantity of heating surface to produce the necessary evaporation. 
This entailed upon the machinery the occupation of more space in 
the vessel in proportion to its power ; it has therefore been more 
recently the practice to give a separate system of hues to each 
pair of furnaces, or, at most, to every three furnaces. When three 
furnaces commuuieate with a common hue, two will always he in 
operation, while the third is being cleared out ; but if the same 
quantity of fire were divided among two furnaces, then the clearing 
out of one would throw out of operation half the entire quantity 
of fire, and during the process the evaporation would bo injuriously 
diminished. 

46. It is found by experience, that the side plates of furnaces arc 
liable to more rapid destruction than their roofs, owing, probably, 
to a greater liability to deposit. Eurnaccs, therefore, should not 
be made narrower than a certain limit. Great depth from front to 
back is also attended with practical inconvenience, as it renders 
firing tools of considerable length, and a corresponding extent of 
stoking room necessary. It is recommended by those who have had 
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much practical experience in steam-vessels, that furnaces six feet 
in depth from front to back should not be less than three feet 
in width to afford means of firing with as little injury to the side 
plates as possible, and of keeping the fires in the condition 
necessary for the production of the greatest effect. The tops of 
the furnaces scarcely ever decay, and are seldom subject to an 
alteration of figure, unless the level of the water be allowed to 
fall below them. 

47. The method by which the greatest quantity of practical 
effect can be obtained from a given quantity of fuel must, how- 
ever, mainly depend on the extended application of the expansive 
principle. This has been the means by which an extraordinary 
amount of duty has been obtained from the Cornish engines. The 
difficulty of the application of this principle in marine engines, has 
arisen from the objections entertained in Europe to the use of 
steam of high-pressure, under the circumstances in which the 
engine must he worked at sea. To apply the expansive principle, 
it is necessary that the moving power at the commencement of the 
stroke shall considerably exceed the resistance, its force being 
gradually attenuated till the completion of the stroke, w T hen it 
will at length become less than the resistance. This condition 
may, however, be attained with steam of limited pressure, if 
the engine he constructed with a sufficient quantity of piston 
surface. 

48. Tliis method of rendering the expansive principle available at sea, 
and compatible with low-pressure steam, was projected and executed by- 
Messrs. Maudslav and Field. Their improvement consists in adapting 
two steam cylinders in one engine, in such a manner that the steam shall 
act simultaneously on Loth pistons, causing them to ascend and descend 
together. The piston-rods are both attached to the same horizontal cross- 
head, whereby their combined action is applied to one crank by means of a 
connecting-rod placed between the pistons. 

A section of such an engine (which has been called the Siamese engine), 
made by a plane passing through the two piston-rods i» 1 *' ami cylinders, is 
represented in fig. 9. The piston-rods are attached to a cross-head c, 
which ascends and descends with them. This cross-head drives upwards 
and downwards an axle n, to which the lower end of the connecting-rod 
K is attached. The otlu-r end of the connecting- rod drives the crank- 
pin f, and imparts revolution to the paddle-shaft o. A rod H conveys 
motion by means of a beam i to the rod k of the air-pump l. 

Engines constructed on this principle were applied in several steamers, 
and amongst others in her Majesty’s steam-frigate “lvetribution.” 

49. Within the last ten or fifteen years, and especially 
since the more general adoption of the screw-propeller, the 
marine engine has been greatly simplified in its mechanical 
arrangements. Its bulk has thus been diminished, as welltas 

l 2 147 



STEAM NAVIGATION. 


the cost of construction; and the profitable tonnage of the 
vessel has been increased in a corresponding proportion. The 
beam and its appendages have been very generally laid aside, 
and the piston-rods have been more directly connected with 
the cranks. 

In some cases the piston-rods are kept in their direction by 
guides, and their rectilinear motion is accommodated to the 


Fig- 9. 



rotation of the cranks by connecting-rods, which consequently 
have an oscillation between the extreme points of the play of the 
cranks. 

In other cases the cylinders themselves receive this oscillation. 
In such cases the connecting-rods are dispensed with, and the 
ends of the piston-rods are immediately jointed to the cranks. 
The oscillation of the piston causes the motion of the valves neces- 
sary for the alternate admission and escape of the steam on the 
one and the other side of the piston. 

ft). The number of cylinders varies, being generally two, but 


OSCILLATING ENGINES. 


sometimes three, sometimes four, and sometimes, though very 
exceptionally, only one. 

The position of the cylinders is subject to great variation. 
They are placed with their axes sometimes vertical, sometimes 
horizontal, and sometimes oblique. 

51. The proportion of the diameter to the stroke is subject to 
like variation. The general tendency has been to increase the 
relative magnitude of the diameter, which in recently built 
engines is sometimes more than twice the stroke, and rarefy less 
than two-thirds of it. Thus in the engines of the “ Niger,” con- 
structed by Messrs. Man (Islay and Field, the cylinders have 48 
inches diameter, with only 22 inches stroke ; and in the “ Simoom,” 
by lJoulton and Watt, they have 44 inches diameter, with oO 
inches stroke. 

The object of shortening the stroke is to diminish the momentum 
of the piston, of which the motion requires to be so frequently 
reversed. 

52. In engines constructed on tho oscillating principle, the top 
of the piston-rod is coupled with the crank, and the piston-rod 
moves backward and forward in the direction of the axis of the 
cylinder, while its extremity revolves in a circle with the crank. 
It is therefore necessary that the cylinder should oscillate from 
side to side, to accommodate the motion of the piston-rod to that 
of the crank. For this purpose the cylinder is provided on each 
side with a short hollow pivot or trunnion, on which it swings ; 
and through one of these trunnions the steam enters the cylinder 
from the boiler, while it escapes through the other to the condenser. 
The alternate admission and escape of steam on the one side and 
the other of the piston, is regulated by a valve attached to the 
cylinder and swinging with it. In the larger class of engines, 
however, two valves are usually employed for this purpose, and 
are so arranged as to balance one another. 

Oscillating engines are usually placed immediately under the 
cranks, and occupy no greater length in the vessel than the 
diameter of the cylinder. On the shaft which connects the 
engine, called the intermediate shaft, a crank is forged which 
in its revolutions gives motion to the piston of the air-pump. 

53. The arrangements generally employed at present in the most 
improved vessels propelled by oscillating engines, will he understood by 
reference to fig. 10, which represents the transverse section of the steam- 
yacht “Peter hoif,” constructed for the Emperor of Russia, by Messrs. Itennie, 
and fig. 11, which is a side view of the engines of the same vessel. These 
figures are copied with the permission of the publishers and the authors, 
from the article on the steam-engine, in the last edition of Prande’s 
“Dictionary of Science.” A, A are the cylinders ; b, b are the piston-rods, 
which are connected immediately with the cranks c, c ; d is a crank on 
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the intermediate shaft for working the piston of the air-pump E ; f, f are 

the slide-valves, by which 
the admission of the steam 
to the cylinders is regu- 
lated ; g, g are double 
eccentrics on tho inter- 
mediate shaft, whereby 
the valves f, v arc moved; 
n is a handle, whereby the 
engines may be stopped, 
startl'd, or reversed ; I, I 
are the steam-pipes lead- 
ing to the steam-trunnions 
K, k, on whieh, and on 
other trunnions, connected 
with the pipe M, the cylin- 
ders oscillate ; n, n are 
pumps, tlie pistons of 
which are attached to the 
trunnions, and are worked 
by the oscillation of the 
cylinders ; o is the waste- 
water pipe, through which 
the water which has accomplished the function of condensing the steam is 
ejected over-board. The same letters refer to the same pails in the two figures. 

54. To obtain from the moving power its full amount of mecha- 
nical effect in propelling the vessel, it -would he necessary that it 
should constantly act against the water in a horizontal direction, 
and with a motion contrary to the course of the vessel. No system 
of propellers has, how r ever, yet been contrived capable of perfectly 
accomplishing this. Patents have been granted for many 
ingenious mechanical combinations to impart to the propelling 
surfaces such angles as appeared to the respective contrivers most 
advantageous. In most of these the mechanical complexity has 
formed a fatal objection. No part of the machinery of a steam- 
vessel is so liable to become deranged at sea as the propellers ; 
and, therefore, that simplicity of construction which is compatible 
with those repairs which are possible on such emergencies is quite 
essential for safe practical use. 

55 . The ordinary paddle-wheel, as has been already stated, is a wheel 
revolving upon a shaft driven by the engine, and carrying upon its cir- 
cumference a number of flat boards, called paddle-boards, which are 
secured by nuts and braces in a fixed position ; and that position is such 
that the planes of the paddle -boards diverge from the centre of the shaft 
on which the wheel turns. The consequence of this arrangement is that each 
paddle-hoard can only act in that direction w hich is most advantageous for 
the j>ropulsion of the vessel when it arrives at the lowest point of the wheel. 
In fig. 12, let o he the shaft on which the common paddle-wheel revolves ; 
the positions of the paddle-hoards are represented at a, b, c, &c. ; x Y 
represents the water-line, the course of the vessel being supposed to be 
from x to Y ; the arrows represent the direction in which tlie paddle-w r heel 
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revolves. The wheel is immersed to the depth of the lowest paddle-hoard, 
since a less degree of immersion would render a portion of the surface of 
each paddle- board mechanically useless. In the position a, the whole 
force of the paddle-l>oard is efficient for propelling the vessel ; but as the 
paddle enters the water in the position h, its action upon the water not 
being horizontal, is only partially effective for propulsion : a part of the 
force which drives the paddle is expended in depressing the water, and the 
remainder in driving it contrary to the course of the vessel, and, therefore, 

Fig. 12. 



by its re-action producing a certain propelling effect. The tendency, how- 
ever, of the paddle entering the water at h is to form a hollow or trough, 
which the water, by its ordinary property, lias a continual tendency to fill 
up. After passing the lowest point a, as the paddle approaches the posi- 
tion n, where it emerges from the water, its action again becomes oblique, 
a part only having a propelling effect, and the remainder having a tendency 
to raise the water, and throw up a wave aud spray behind the paddle- 
wheel. It is evident that the more deeply the paddle-wheel become* 
immersed, the greater will Ik* the proportion of the propelling power thus 
wasted in elevating and depressing the water ; and if the wheel were 
immersed to its axis, the whole force of the paddle-boards, on entering and 
leaving the water, would be lost, no part of it having a tendency to propel. 
If a still deeper immersion take place, the paddle-boards above the axis 
would have a tendency to retard the course of the vessel. When the vessel 
is, therefore, in proper trim, the immersion should not exceed nor fall 
short of the depth of the lowest paddle ; but for various reasons it is 
impossible iu practice to maintain this fixed immersion : the agitation of the 
surface of the sea causing the vessel to roll, will necessarily produce a great 
variation in the immersion of the paddle-wheels, one becoming frequently 
immersed to its axle, while the other is raised altogether out of the water. 
Also the draught of water of the vessel is liable to change, by the variation 
in the cargo ; this will necessarily happen in steamers which take long 
voyages. At starting they are heavily laden with fuel, which as they 
proceed is gradually consumed, whereby the vessel is lightened. 


151 



STEAM NAVIGATION. 


56. To remove this defect, and economise as much as possible the 
propelling effect of the paddle-hoards, it would he necessary so to 

construct them that they may enter and leave the water edgeways, 

Fig. 1«. 



or as nearly so as possible ; such an arrangement would be, in 
effect, equivalent to the process called feathering, as applied to 
oars. Any mechanism which would perfectly accomplish this 
would cause the paddles to work in almost perfect silence, and 
would very nearly remove the inconvenient and injurious vibration 
which is produced by the action of the common paddles. But the 
construction of feathering paddles is attended with great difficulty, 
under the peculiar circumstances in which such wheels work. 
Any mechanism so complex that it could not he easily repaired 
when deranged, with such engineering implements and skill as 
can he obtained at sea, would he attended witli great objections. 

Feathering paddle-boards must necessarily have a motion inde- 
pendently of the motion of the wheel, since an) T tixed position which 
could be given to them, though it might be most favourable to 
their action in one position, would not be so in their whole course 
through the water. Thus the paddle-board when at the lowest 
point should be in a vertical position, or so placed that its plane, 
if continued upwards, would pass through the axis of the wheel. 
In other positions, however, as it passes through the water, it 
should present its upper edge, not towards the axle of the wheel, 
but towards a point above the highest point of the wheel. The 
precise point to which the edge of the paddle-hoard should be di- 
rected is capable of mathematical determination. But it will vary 
according to circumstances, which depend on the motion of the 
vessel. The progressive motion of the vessel, independently ol‘ 
the wind or current, must obviously he slower than the motion of 
the paddle-boards round the axle of the wheel; since it is by the 
difference of these velocities that the re-action of the water is pro- 
duced, by which the vessel is propelled. The proportion, however, 
between the progressive speed of the vessel and the rotative speed 
of the paddle-boards is not fixed ; it will vary with the shape and 
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structure of the vessel, and with its depth of immersion ,* never- 
theless it is upon this proportion that the manner in which the 
paddle-hoards should shift their position must he determined. If 
the progressive speed of the vessel were nearly equal to the rotative 
speed of the paddle-hoards, the latter should so shift their position 
that their upper edges should be presented to a point very little 
above the highest point of the wheel. This is a state of things 
which could only take place in the case of a steamer of a small 
draught of water, shall op- shaped, and so constructed as to suiter 
little resistance from the fluid . On the other hand, the greater 
the depth of immersion, and the less line the lines of the vessel, 
the greater will be the resistance in passing through the water, 
and the greater will he the proportion which the rotative speed of 
the paddle-hoards will hear to the progressive speed of the vessel. 
In this latter ease the independent motion of the paddle-boards 
should he such that their edges, while in the water, shall he pre- 
sented towards a point considerably above the highest point of the 
paddle-wheel. 

A vast number of ingenious mechanical contrivances have been 
invented and patented, for accomplishing the objects just explained. 
Some of these have failed from the circumstance of tlieir inventors 
not clearly understanding what precise motion it was necessary to 
impart to the paddle-hoards ; others have failed from the com- 
plexity of the mechanism by which the desired eilect was produced, 

o 7 . ( )ne of these conti ivanees of late construction is represented in 
fig. 11, being the paddle-wheel of the Russian steamer ‘‘PeterholT.’’ 
To convey a general idea of the feathering principle, however, we 
have represented in tig. IT the term of wheel known as Morgan’s 
paddle-wheel. 

This contrivance may he shortly state<l to consist in causing the wheel 
which bears the paddles to revolve on one centre, and the radial arms 
which move the paddles to revolve on another centre. Let A b c i> e f <; 11 
i k l he the polygonal circumference of the paddle- ■wheel, formed of 
straight bars, securely connected together at the extremities of the .spokes 
or radii of the wheel which turns on the shaft which is worked by the 
engine ; the centre of this wheel being at 0. So iar this wheel is similar 
to the common paddle-wheel ; but the paddle-boards are not, as in the 
common wheel, fixed at A bo, kc.. f so as to be always directed to the 
centre o, hut are so placed that they are capable of turning on axles which 
are always horizontal, so that they can take any angle with respect to the 
water which may be given to them. From the centres, or the line joining 
the pivots on which these pad die -boards turn, there proceed short arms k, 
firmly fixed to the paddle-boards at an angle of about 1-0 ’. On a motion 
given to this arm k, it will therefore give a corresponding angular motion 
to the paddle-board, so as to make it turn on its pivots. At the extremi- 
ties of the several arms marked k is a pin or pivot, to which the 
extremities of the radial arms l are severally attached, so that the angle 
betw een each radial arm l and the short paddle arm k is capable >f being 
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changed by any motion imparted to L ; the radial arms are connected at 
the other end with a centre, round which they are capable of revolving. 
Now, since the poiuts abc, &c., which are the pivots on which the paddle- 
boards turn, are moved in the circumference of a circle, of which the centre 
is o, they are always at the same distance from that point, consequently they 
will continually vary their distance from the other centre P. Thus, when 
a paddle-board arrives at that point of its revolution at which the centre 



A 


round which it revolves lies precisely between it and the centre 0, its 
distance from the former centre is less than in any other position. As it 
departs from that point, its distance from that centre gradually increases 
until it arrives at the opposite point of its revolution, when; the centre o 
is exactly between it and the former centre ; then the distance of the 
paddle- board from the former centre is greatest. This constant change of 
distance between each paddle- hoard and the centre p is accommodated by 
the variation of the angle between the radial arm l and the short paddle- 
board arm k : as the paddle-board approaches the centre r, this gradually 
diminishes ; and as the distance of the paddle-board increases, the angle is 
likewise augmented. This change in the magnitude of the angle, which 
thus accommodates the varying position of the paddle-board with respect 
to the centre p, will be observed in the figure. The paddle-hoard D is 
nearest to P ; and it will be observed that the angle contained between L 
and k is there very acute ; at £ the angle between l and k increases, 
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but is still acute ; at g it increases to a right angle ; at h it becomes 
obtuse ; and at k, where it is most distant from the centre p, it becomes 
most obtuse. It again diminishes at l, and becomes a right angle between 
A and b. Now this continual shifting of the direction of the short arm k 
is necessarily accompanied by an equivalent change of position in the 
paddle-board to which it is attached ; and the position of the second centre 
p is, or may be, so adjusted that this paddle-board, as it enters the water 
and emerges from it, shall be such as shall be most advantageous for pro- 
pelling the vessel, and therefore attended with less of that vibration which 
arises chiefly from the alternate depression and elevation of the water, 
owing to the oblique action of the paddle-boards. 

58. Field's s)>lit paddles . — In the year 1833, Mr. Field, of the firm of 
Maudslay and Field, constructed a paddle-wheel with fixed paddle-hoards, 
but- each hoard being divided into several narrow slips arranged one a little 
behind the other, as represented in fig. 15. These divided boards he pro- 

Fig. 15. 



posed to arrange in such cycloidal curves that they must all enter the 
water at the same place in immediate succession, avoiding the shock pro- 
duced by the entrance of the common board. These split paddle-boards 
are as efficient in propelling when at the lowest point as the common 
paddle-boards, and, when they emerge, the water escapes simultaneously 
from each narrow board, and is not thrown up, as is the case with common 
paddle-hoards. 

The number of bars, or separate parts into which each paddle-hoard is 
divided, has been very various. When first introduced, each board was 
divided into six or seven parts : this was subsequently reduced ; and in 
the wheels of this form constructed for the government vessels, the paddle- 
boards consist only of two parts, coming as near to the common wheel 
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as is possible, without altogether abandoning the principle of the split 
paddle. 

51). The paddle-wheels generally used in American steam -boats are 
formed, as if by the combination of two or more common paddle-wheels, 
placed one outside the other, on the same axle, but so that the paddle- 
boards of each may have an intermediate position between those of the 
adjacent one, as represented in fig. Id. 

The spokes, which are bolted to cast-iron flanges, are of wood. These 

flanges, to which they are so 
bolted, are keyed upon the 
paddle-shaft. The outer ex- 
tremities of the spokes are 
attached to circular hands or 
hoops of iron, surroundiug 
the wheel ; and the paddle- 
hoards, which are formed of 
hard wood, are lilted to the 
\ spokes. The wheels, thus 
constructed, sometimes con- 
1 sist of three, and not unfre- 
inently four, independent dr- 
ies of paddle-hoards, placed 
■lie heside tin? other, and so 
adjusted in their position, 
that the hoards of no two 
d’i\isions shall correspond. 

The great magnitude of the 
paddle-wheels, and the cir- 
cumstance of the navigation 
being oa cried on, for the most 
part, in smooth water, have 
rendered unnecessary, in Ame- 
rica, the adoption of any of 
those expedients fin* neutralising the effects of the oblique action of tbe 
paddles, which have been tried, but hitherto with so little success, in Europe.* 

CO. The practical objections to the use of the leathering prin- 
ciple in general, go far to balance the advantage s attending them. 
According to Mr. Uourne, whose skill and experience on this 
subject entitle his opinion to the highest respect, all expedients 
of this class are expensive, both to make and maintain. The 
wear and friction in such a multitude of joints is very consider- 
able ; and if any of the arms get adrift, or break, they will be 
whirled round like a Hail, and may perhaps cut through the 
paddle-box, or even the vessel. If the injury be of such a nature 
that the wheels cannot he turned round (and this has sometimes 
happened), it tvill follow that the engines will he virtually dis- 
abled until the obstruction can be cleared away ; and if the 
weather be very stormy, or the vessel he in a critical situation, 

* For a notice of the inland steam navigation of the ITnited States, see 
“Railway Economy,” chap. xvi. Also “Museum of Science and Art,’’ 
vol. ii. p. 17. 
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she may he lost in consequence of her temporary derangement. 
Upon the whole, therefore, the application of feathering wheels to 
vessels intended to perform long voyages through stormy seas, 
appears to be of doubtful propriety. For channel trips, and in 
situations where the wheels can be carefully examined at short 
intervals, the risk is not so great; but in that case nearly the 
same benefits will be attained by increasing the length of the 
paddle-fioats, and giving the wheels less dip. There is no mate- 
rial difference between the performance of a feathering wheel and 
that of a radial wheel, if the two wheels be of the same diameter, 
and if they have both a light dip with long narrow floats. And, 
as in sea-going vessels, the wheels must necessarily be of con- 
siderable diameter, and as there is nothing to prevent the other 
circumstances conducive to ellioioncy from being observed, it 
follows that in ocean-vessels radial wheels would be about as 
efficient as feathering wheels, but for the circumstance of a vari- 
able immersion. It is not necessary, however, that there should 
be much variation in the immersion if large vessels be employed, 
or if coal is more frequently taken on board during the voyage ; 
and as neither of these alternatives is attended with the risk 
incident to the use of feathering wheels, they appear to be entitled 
to that preference which ultimately they are likely to obtain. 

01. In oscillating engines the piston-rod is usually made one- 
ninth of the diameter of the cylinder, and the crank -pin is made 
about onc-sevcnth of the diameter of the cylinder. The diameter 
of the paddle-shaft must have reference not merely to the 
diameter of the cylinder, hut also to the* length of the stroke of 
the piston, or, what is the same thing, to the length of the crank. 
If the square of the diameter of the cylinder in inches be multi- 
plied by the length of the crank in inches, and the cube- root of 
the product he extracted, then that root multiplied by *242 will 
give the diameter proper for the shaft in inches at the smallest 
part. The diameter of the trunnions is regulated by the diameter 
of the steam and eduction pipes, and these are each usually about 
one-fifth of the diameter of the cylinder ; hut it is better to make 
the steam trunnions a little less, and the eduction trunnions a 
little more, than this proportion. The steam and eduction pipes, 
where they enter their respective trunnions, are kept tight by a 
packing of hemp, which is compressed by a suitable ring or 
gland, tightened by screws. In land engines the air-pump and 
condenser are each made about one-eighth of the capacity of the 
cylinder, hut in marine engines they are made somewhat larger. 

G2. Submerged propellers, whatever bo their form, are exempt 
from many of the disadvantages which are common to every 
species of paddle-wheel. It will be evident that the effect of 
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such a propeller will be nearly the same, whatever position may 
be given to it in the water. However the ship may pitch or roll, 
or however unequal the surface of the sea may be, such a pro- 
peller will always produce the same backward current without 
any variation of effect. 

The circumstances which prevent the co-operation of the power 
of steam with that of the sails in steam-vessels propelled by the 
common paddle-wheels, will not operate with submerged pro- 
pellers, inasmuch as their effect is altogether independent of the 
careening of the ship, 

63. But though this defect is remedied, the submerged pro- 
pellers in general are still subject to objections, to which even the 
common paddle-wheel is not obnoxious. Being permanently 
submerged and liable to accident, fracture, and derangement from 
various causes, they are inaccessible, and cannot be repaired at 
sea. But, besides this, when the object in view is to take full 
advantage of the power of the sails at times when it is expedient 
to suspend the action of the machinery, the submerged propeller 
becomes an obstruction, more or less considerable, to the progress 
of the vessel. Various expedients have been contrived, and in 
some instances practically applied, by which the propeller can be 
lifted out of the water when it is not in operation, but hitherto 
this has not been found practically convenient, at least for com- 
mercial vessels, though sometimes adopted for vessels of war. 

_ 64. The screw-propeller is similar in form and mechanical prin- 
ciple to the hydraulic machine known as the screw of Archimedes. 
A cylinder placed at the bottom of the vessel, and in the direction 
of the keel, is surrounded by a spiral blade similar, precisely, to 
the thread of a common screw, but projecting from it instead of 
being cut into its surface. If such a screw were turned in a 
solid, it would move forward through a space equal to the distance 
between two contiguous threads in each revolution ; but the water, 
not being solid, yields more or less to the re-action of the screw, 
and consequently the screw moves forward through a space in each 
revolution less than the distance between two contiguous threads. 

65. The distance between two contiguous threads is technically 
called the pitch of the screw ; a term, however, which is some- 
times also used to express the angle formed by the blade of the 
screw with its axis, such angle supplying the means of calculating 
the distance between such contiguous threads. We shall here, how- 
ever, use the term pitch in the former sense. The difference between 
the pitch of the screw and the space through which the screw actu- 
ally progresses in the water in one revolution is called the slip. 

In the first vessels to which screw-propellers were applied, the 
screw consisted of a single spiral blade, which made one convo- 
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lution only round the cylinder. This arrangement was subse- 
quently modified, and two convolutions and a half of a double- 
threaded screw were used instead of one complete convolution of a 
single-threaded screw. This plan has been occasionally varied, a 
smaller fraction of a convolution being sometimes used. 

It is found in practice that the amount of the slip in general 
varies from one-tenth to one-twentieth of the pitch ; that is to 
say, the actual velocity of the screw through the water is from 
one-tenth to one-twentieth less than it would be if the screw 
worked through a solid, or as an ordinary screw in its nut. 

66. The screw-propeller is usually fixed upon an axis parallel 
to the keel of the vessel, and mounted in a space in the dead wood 
between the stern-post and rudder-post. It is usually suspended 
on a short shaft, carried by a metal frame, having a rack on each 
side, in which endless screws work, by means of which the frame 
supporting the propeller can be lifted out of the water, so that the 
screw can be repaired if required or a new one introduced without 
putting the vessel into dock. 

To enable the water to react in a manner analogous to that in 
which the nut reacts upon the common screw, the thread requires 
to be much deeper than if the screw worked in metal or wood, 
and the pressing surface to be proportionally larger. Accordingly 
screw-propellers are always made with much smaller central bodies, 
and a much deeper thread than the common screw. They are also 
made as large as possible in diameter, extending generally from 
the keel to a point nearly level with the surface of the water. Thus 
the diameter of the screw is little less than the draft of the vessel. 

67. To convey some idea of the forms of screw-propellers, we 
have represented in the annexed figures the forms of some of the 
propellers most generally adopted. 

In fig. 17 is represented a perspective view of Smith's screw-propeller, 
with two threads or blades, as finally adopted in her Majesty's steamer 
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British navy. An end view or an elevation looking against the end of the 
shaft is shown in fig. 18. Smith’s three-thread screw differs from this 
only in having three arms instead of two. 


Fig. 21. Fig. 23. 



Strimman's propeller is shown by an end view in fig. 19, and a side 
view in fig. 20. 

Sunderland's propeller, as applied in the “Rattler,” is shown in fig. 21, 
consisting of two Hat plates, set upon arms, fixed to an axis revolving 
beneath the water in the stern. In the “Rattler,” this propeller was placed 
in the stern in the dead wood, instead of projecting out behind the rudder 
as in the Sunderland arrangement. 

In fig. 22 is represented Wood croft's propeller, also applied in the 
“Rattler.” This lias four arms or blades, and tin* pitch of the screw at its 
leading edge is less than the pitch at its terminal edge. 

In fig. 2 o * is represented, as set in the stern of the vessel, the form 
of Hudson’s screw, from which excellent results are said to have been 
obtained. This form of screw lias been much used in France, Holland, 
and other countries of the continent; and in some cases in which the com- 
mon screw lias been superseded by a screw of this description, an 
improvement has been obtained in the speed amounting to about a knot 
an hour. Such results wilL only ensue when the original screw has been 
of inadequate dimension, so that the loss by slip has been large in amount, 
and the more the slip is reduced, the less will become the advantage of 
any deviation from Smith’s form of screw with uniform pitch.!' 

* Figs. 17 to 23 have been taken with the permission of the author 
from Mr. Bourne's work “on the Screw-propeller.” 

+ Bourne “ on the Screw-propeller,” p. 13G. 
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CHAPTER IV. 

‘18; Effect of tin* screw-propeller reaction on the vessel. — 69. Their best 
practical proportion. — 7U. Their varying pitch. — 71. Relative advantages 
ot screw and paddle-wheels. — 7*2. Their effects in long sea-voyages. 
— 7o. Experiments with the “ Rattler” and “Alecto.” — 74. These 
experiments continued. — 7 f>. Admiralty experiments. — 76. Govern- 
ment report. — 77. Application of the screw in the commercial marine. 
— 78. Application of screw to mail -vessels. — 79. Geared and direct- 
action. — 80. Geared-engines. — 81. Fairl minus internal gearing. — 82. 
SuUlivision of the power among several cylinders. — 83. Protection 
from shot. — 84. Regulation of slides. — Sf>. Relative speed of screw ami 
vessel. — 86. Engines of the “Great Entaiii." — 87. Engines of the 
“Arrogant” and “Encounter.” — 88. Various forms of screw-engines. 
— 89. Cross action of H. M.’s screw steam-] >acket “Pluni])er.” — 
90. Auxiliary steam-power. — 91. Effect of screw-vessels head to 
wind. — 92. Nominal and real horse- power. — 93. Official tables of the 
strength of the steam-navy. 

(>8. The screw, whatever be its form or structure, in driving; 
the water sternwards, sustains a corresponding reaction which takes 
effect upon the screw- shaft, and produces an equivalent pressure 
on its bearing to its anterior extremity. The force of this forward 
thrust of the screw-shaft, combined with its velocity of rotation, 
produced, in the earlier screw-vessels, considerable inconvenience 
in consequence of the friction attending it, and several cases 
Laudnek’s Museum of Science. m 161 
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occurred where the end of the shaft being rendered white-hot was 
actually welded to the steel plate against which it pressed, although 
a stream of water was continually running over the surface in 
contact. Various expedients have since then been proposed for 
remedying this inconvenience. One of these was to let the end of 
the shaft enter a tight cylinder of oil in the manner of a piston, 
so that it would press against a liquid instead of a solid. Another 
was to place a large collar upon the shaft which should press 
against a number of balls or small rollers like those of a swivel- 
bridge. Neither of these plans, however, appears to have been 
so successful as to get into general use, and one or other of the 
following expedients is now generally adopted. The thrust of 
the screw-shaft is received either upon a number of collars or a 
series of discs placed at the end of the shaft and resting on a 
cistern of oil which is usually cast upon* the base plate or some 
solid part of the engine, and its end is sufficiently strong to bear 
the thrust of the screw. Interposed, however, between the end of 
the cistern and that of the shaft are two, three, or more discs of 
metal, generally two inches thick, and having diameters equal to 
that of the shaft. A bolt passes through their centre to keep 
them in line, but they arc each free to revolve in the bolt, and. 
where the shaft passes out of the cistern a collar of leather is 
applied to prevent the oil from escaping. It will be obvious from 
such an arrangement that if the end of the shaft which it presses 
upon the discs begins to heat from undue friction, it will revolve 
with somewhat more difficulty, and will consequently carry the 
first disc round with it. The rubbing surfaces are therefore no 
longer at the end of the shaft, but at the first disc and the second 
disc. In fact the rubbing surfaces, instead of being limited to a 
single disc, are distributed over several. Those surfaces which, 
begin to heat, and consequently to stick, will cease to rub, whereby 
they will speedily become cool again and their efficiency conse- 
quently be restored. (See Mr. Bourne’s article on the “Screw- 
Propeller” in the Appendix to Brando’s “Dictionary of Science 
and Art.”) 

69. According to the same authority the best practical j)ropor- 
tion and form of screw-propellers for mercantile vessels are as 
follows. Those of three blades are on the whole preferable. The 
diameter should be as large as possible. When the area of the 
circle described by the extremity of the arms of the screw has one 
square foot for ever} r two-and-a-half square feet in the area of 
the midship section immersed, a very efficient performance is 
obtained. The pitch of the screw should be equal to its diameter, 
or perhaps a little exceed it, and the length measured parallel to 
its shaft should be about one-sixth of a convolution. Thus, for 
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example, in the case of a screw 12 feet in diameter, the pitch 
would be from 12 to 14 feet, and the length about 2 feet. 

70. Screws arc generally made with one uniform pitch, and 
their blades are sfct at right angles to the shaft. A gradual 
increase of pitch towards the leading end of the screw is, how- 
ever, recommended. Tims, the pitch of the centre should be 
about 10 per cent, less than at the circumference, for the centre 
should merely screw through the water, without producing any 
reaction or propelling force. The efficient part being near the 
circumference, it is also re contended that the blades, instead of 
being precisely perpendicular to the shaft, should be inclined a 
little sternwards, so as to produce a tendency in the water which 
they drive backwards to converge to a point. It is assumed that 
this convergent tendency may balance the divergent tendency due 
to the centrifugal force attending the revolution : so that the two 
forces being in equilibrium will cause the water to be projected 
backwards from the screw in a cylindrical column. In the case 
of the ordinary screw, with blades at right angles to the shaft, 
the water projected backwards assumes the figure oi the frustum 
of a cone, and a certain proportion of the power is thereby lost. 

71. The relative advantages of screw and paddle-propellers 
depend in a great degree upon the immersion. It appeared from 
experiments made on a considerable scale with steamers of the 
lloyal Navy, that in deep immersion the screw has an advantage 
over the paddle-wheel of one-and-a-half per cent. ; but that, 
with medium immersion, the paddle-wheel had an advantage of 
one-and-three- quarters per cent, over the screw, an advantage 
which was augmented to four-and-three-quarters per cent, for 
light immersions. It appears, therefore, that the screw-propeller 
has a certain advantage over the paddle when the vessel is deep 
in the water, and that, on the other hand, the paddle gains an 
advantage over the screw in proportion as the immersion is less. 

72. In long sea voyages, where the immersion is liable to con- 
siderable variation by reason of the lightening of the vessel owing 
to the consumption of the fuel, the screw will have the advantage 
over the paddle in the commencement of the voyage, and the paddle 
over the screw towards the end of it. In rough weather, where, 
by the rolling and pitching of the vessel, the paddle-wheels are 
liable at one time to be deeply plunged in the water, and at another 
to be raised out of it, the screw r will have an obvious advantage. 

73. In his work upon the screw-propeller, Mr. Bourne has 
given the details of a series of important experiments made with 
H. M. steamers “ Battler ” and “ Alecto,” to determine the 
relative advantages of screw and paddle-wheels against a head 
wind. The result of these experiments seemed to prove, that 
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under such conditions the screw is less efficient than the paddle ; 
for though both vessels attained the same speed of four knots 
against a strong head wind, yet, in the case of the “ Alecto,” this 
performance was attained with a velocity (ft the engine of 12 
strokes per minute, whereas in the “ Rattler” it was only attained 
with a velocity of the engine of 22 strokes per minute. It follows, 
therefore, that a screw-vessel in proceeding head to wind will 
require 1*8 times, or nearly twice the quantity of fuel to do the 
same amount of work. The screw, in fact, revolves at nearly the 
same velocity whether the wind adverse or favourable, or 
whether the vessel is lying at anchor : and this is a serious defect 
in the case of vessels intended to encounter adverse winds. In the 
ease of vessels, however, which list* the screw only as a resource ill 
calms, or as an auxiliary to the sails, this disadvantage will not be 
experienced, since such vessels have no pretensions to the capability 
of proceeding in direct opposition to a strong head wind. 

74. Among the experiments made with the “ Alecto ” and 
“ Itattlcr,” some of the most interesting and important were 
directed to the determination of the relative towing powers of the 
screw and paddle-wheel. For this purpose the two ships were 
lashed stern to stern, and the engines of both were set to work so 
as to make them draw the connecting chain in opposite directions. 
In these and all other cases where screw and paddle-vessels of 
equal power and size have been thus connected, the screw-vessel 
has preponderated, and towed the paddle- vessel as soon as the 
engines were set to work. 

When the “Rattler” and ‘‘Alecto” were lashed together in this 
manner, the “ Alecto’ s ” engines were set on first, and she was 
allowed to tow the “ ltattler” at the rate of two knots an hour. 
The “Rattler’s” engines were then set on. In five minutes the 
two vessels became completely stationary. The “Rattler” then 
began to move ahead, and towed the “ Alecto ” against the whole 
force of her engines, at the rate of 2*8 knots per hour. In like 
manner the “ Niger” towed the “ Basilisk ” astern, in opposition 
to the force of her engines at the rate of 1*1 knots per hour. The 
natural inference from this experiment would be that the screw is 
more suitable for towing than the paddle ; yet this inference is not 
confirmed by the experiment, for when the “ Niger ” and 
“Basilisk” were each set to tow the other alternately, in the 
usual manner in which a steamer tows a ship, it was found that 
the “ Niger ” towed the “ Basilisk ” at a speed of 5*G3 knots, with 
593*9 horse-power, and that the “Basilisk” towed the “Niger” 
at the rate of 6 knots, with 572*3 horse-power. The paddle- 
vessel, therefore, accomplished in towing the largest speed with 
the least power. It has also been found that when a paddle 
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and screw-vessel set stern to stern push one another instead of 
pulling one another, the paddle- vessel preponderates, whereas, if 
they pull, the screw- vessel preponderates. These circumstances 
seem to show that the power of a screw-vessel to tow a paddle- 
vessel astern, when the two are tied together, does not arise from 
any superior tractive efficacy of the screw itself, hut is due to the 
centrifugal action of the screw, which raises the level of the water 
at the stern, so that the vessel gravitates down an inclined plane.* 

75. The first experiments tried by the Admiralty with the 
screw-propeller were made in 18-10-41 ; and in the next three 
years, 1842-44, eight screw vessels were built. This number was 
augmented by twenty-six in 1845. In 1818 there were not less 
than forty-five government screw-steamers afloat ; and since that 
time, and more especially since the commencement of the war 
with Russia, the increase of the screw-steam navy has gone on at 
a rate which justifies the conclusion that ere long no vessel of 
war, of whatever class, in the Eritish navy will be unprovided 
with the power, to a greater or less extent, of steam propulsion. 

70. In a government official report of the results of various trials 
of the performance of screw- steamers, dated so far back as May 
1850, before that propeller had yet reached its present state of 
perfection, it is stated as then highly probable that line sailing 
vessels, fitted with auxiliary screw-power, would be found able, 
if not to rival, at least to approach, full-powered and expansively 
acting steam-ships, in respect of their capability of making a long 
voyage with certainty and in a reasonably short time. 

“Another application of the .-.crew, although inferior in general 
importance to its application as a propeller to ordinary ships,” 
savs the same report, “ is certainly deserving of more attention 
than is commonly paid to it, namely, as a manceuvrer to those 
large ships in which engines of considerable power cannot he 
placed, or in which it is considered ^inadvisable to place them. 
No doubt, can be entertained of the efficiency of such an instru- 
ment worked by an engine of even fifty horse-power. The full 
extent, however, of its utility cannot perhaps be thoroughly 
appreciated until it shall have been extensively used in her 
Majesty’s navy.” 

Since the date of this report that experience which was wanted 
lias been obtained, and the extensive use of the screw has been 
adopted, and the results fully confirm all those anticipations. 

77. But it is not only in her Majesty’s navy, but in the national 
commercial marine, and not only as an auxiliary propeller, but as 
ail independent and most efficient agent of propulsion, that the 
screw has been found to answer in practical navigation. In 1841), 

* Bourne “ on the Screw-propeller,*’ Chap. IV. 
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before it bad yet attained all its present degree of perfection, it 
was in extensive operation under the direction of the General 
Screw Shipping Company. Seven vessels belonging to that com- 
pany were in operation during the twelve months ending 31st 
December, 1849, during which time they performed 170 voyages, 
being an average of about 24.’ voyages per vessel. The total dis- 
tance run was 110849 geographical miles, being at the average 
rate of 15835 miles per vessel, and about 048 miles per voyage. The 
average speed was 8 to 84 geographical miles per hour, and only one 
casualty, and that one in the Thames, occurred during the year. 

The speed of the best and most recent of these vessels in still 
water, running the measured mile in the long reach of the Thames, 
was found to be 9*08 knots per hour. 

78. Practical authorities have suggested, that the greatly in- 
creased and rapidly increasing number of screw ships running 
between the British and American ports, suggests the expediency 
of a revision of the post-oflice contracts, with a view to public 
economy, without anj T real sacrifice of efficiency. It is considered 
that no difference of time worthy of consideration now prevails 
between the passages of the mail -packets and the screw- vessels ; 
but even admitting a difference, it is certainly not so great as that 
which exists between the speed of the mail and that of the 
express trains on railways. If then the mail contracts on the 
iron lines are sufficiently well performed by the trains of second- 
rate speed, why may not the like contracts on the lines of water 
be similarly executed, where the difference of cost would be 
enormous, and the difference of speed comparatively insignificant. 

It is obvious that these observations are applicable not only to 
the lines of steamers which carry the United States and Canadian, 
but also to the West Indian, and in a word, to all the ocean lines. 

79. But when screw propulsion is used, a much greater velocity 
of revolution is required to be given to the screw-shaft, — a much 
greater number of revolutions per minute being necessary, than 
the greatest number of strokes per minute made by any steam- 
engine of the common construction. It was necessary, therefore, 
in adopting screw propulsion, either to provide expedients by which 
the velocity of rotation of the screw-shaft shall be greater than 
that of the crank-shaft, in the requisite proportion, or to modify 
the form and proportions of' the steam cylinders and their appen- 
dages, so that the number of strokes per minute should be aug- 
mented, so as to be equal to the necessary number of revolutions 
per minute of the screw-shaft. 

Both these contrivances have been adopted by different con- 
structors. Engines constructed on the former plan are called geared 
engines , and those constructed on the latter direct acting engines . 
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SO. Ill geared engines the cranks are formed oil one shaft, and the screw 
fixed upon another, the directions of the two shafts being parallel. On the 
crank-shaft is fixed a toothed -wheel, which 
works in a smaller one, called a pinion, fixed Fig. 24 . 

on the screw -shaft. Thus in fig. 24, a may 
lie regarded as the pinion fixed on the screw- 
shaft, and n the wheel fixed on the crank- r JT 

shaft, the teeth of the one being engaged in A B 

It is evident that the velocity of rotation 
of A will he greater than that of c in the wW* 

same proportion as that in which the number 

of teeth in c is greater than the number of teeth in A. It is always possible, 
therefore, with a given speed of the crank-shaft, to impart a speed greater 
in any required proportion to the screw-shaft by regulating in a cor- 
responding manner the proportion of the teeth in those geared wheels. 

81. One of the objections to tbc use of gearing in sea-going vessels is the 
liability of the teeth to rapid wear, and to fracture from sudden shocks in 
a rough sea. In order to diminish the risk of this by distributing the 
pressure over a greater number of teeth, Mr. Fairbairn has adopted in 
large screw-engines, constructed by him for the Royal Navy, a system of 
internal gearing in which the crank -shaft wheel lias the teeth on its 
internal peripherv, the screw-shaft pinion revolving within it, as shown 
in fig. 2,5. 


In screw- vessels of war, all the machinery should be placed 
below the water-line, so as to be as effectually protected from 
shot as the screw itself is. * 

82. When direct-acting- engines without gearing are applied to 
screw-propelled vessels, the reciprocating motion of the piston 
must be equal to the velocity 

of the screw, that is, the Fi P- - :> - 

number of strokes per minute 
•of tlie piston must he equal 
to tlie number of revolutions 
per minute of the screw. Now 
to render this compatible with 
a sufficiently moderate recti- 
linear motion of the piston, the ^ 
length of the stroke must hear 
a very small proportion to the 
diameter of tlie cylinder. This 
has, in many cases, rendered 
it necessary in sucli vessels to 
subdivide the power of the 
engines among four smaller cylinders, all the pistons being directly 
attached to cranks on the screw- shaft instead of producing it by 
two larger cylinders, in which an unmanageable proportion must 
be adopted between tlie diameter and tlie stroke. 

Another advantage derived from this subdivision of power is, that 
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a number of small cylinders, ranged often in a horizontal position 
on either side of the screw-shaft, allow of the play of all the 
reciprocating parts within a small height, so as to keep the whole 
below the water-line. 

83. Another expedient for the protection of the machinery from 
shot, is to place the coal-boxes on each side of it, and between it 
and the timbers of the vessel, so that before a shot could reach it, 
the fuel must he thoroughly penetrated. 

84. The efficiency of a marine, like that of a land engine, depends 
on the exact regulation of the slides by which the admission and 
escape of the steam to and from the cylinder is governed. In all 
cases the steam should he admitted at either end of the cylinder a 
little before the arrival of the piston there, and at the sarao 
moment the escape to the condenser should he stopped. By this 
means the piston, on arriving at the end of the stroke, is received 
by the steam just admitted mixed with a small portion of uncon- 
densed steam and air, whose escape to the condenser lias been 
intercepted. These form a sort of air-cushion, against which the 
stroke of the piston is broken, an effect which is called by the 
practical men, not inappropriately, cushioning the piston. AYhen 
the steam is worked expansively, the slides must be capable of 
such regulation as to shut it off at any required fraction of the 
entire stroke, and when not so worked, it ought at all events to 
be shut off before the stroke is quite completed, so as to relieve 
the piston from its action a little before the termination of the 
stroke. 

It is easy to conceive that, to accomplish all these points, the 
slides require the nicest imaginable adjustment ; and the openings 
for the admission and escape of steam, the most exact regulation 
both as to magnitude and position. 

85. It will be evident on comparing the pitch of the ordinary 
screw with the progressive rate at which the vessel moves through 
the water, that, to produce the necessary speed, a much greater 
velocity of rotation must be imparted to the screw, than is con- 
sistent with the ordinary rate at which steam-engines work. It 
has' been already shown that this great velocity of rotation has 
been obtained either by the interposition of gearing so adapted as 
to augment the velocity, or by assimilating the engine in its form 
and structure to a locomotive. 

86. An example of a marine-engine, by which Die necessary velocity is 
imparted to the screw-shaft, by means of intermediate gearing, is pre- 
sented in the case of the screw-engine constructed by Messrs. Penn and 
Son, for the “Great Britain” steam-ship. The engines which are represented 
in fig. 26, are constructed on the oscillating principle, and are almost 
identical with the paddle-wheel engines, built by the same firm for 
the “Sphinx.” 
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The “Great Britain” is a vessel of 3500 measured tons ; her tonnage by 
defacement being 2970, and her draught 10 feet. The diameter of the 
cylinder is 82 £ inches ; the length of stroke, 0 feet ; the nominal power, 
500 horses ; the diameter of the screw, 1 5^ feet; its pitch, 19 feet, and 
its length, 3 feet 2 inches. The screw has three arms or blades, and its 
shaft is connected with the crank-shaft by a pair of toothed -wheels, which 
have a multiplying power of 3 to 1, so that for every stroke of the piston, 
the screw-shaft revolves three times. The ample proportion of 17 A square 
feet of heating surface per nominal horse-power, is provided in the boiler. 

The crank-shaft, being put in motion by the engine, carries round the 
great cog-wheel, or combination of cog-wheels, which are fixed upon it ; 
and this wheel acting on smaller ones called pinions, on the screw-shaft, 
impart to the latter the threefold velocity of revolution just mentioned. 

87. As an example of screw-propelling engines working without gearing, 
we give in fig. 27 those constructed by Messrs. Penn and Son for H. M.’s 
serew-steameis “Arrogant” and “Encounter.” In this case the cylinders 
are horizontal, and are traversed through the centre by a pipe or trunk, upon 
which the piston is cast. This trunk is projected through both ends of the 
cylinder — the orifices through which it passes being rendered steam-tight 
by proper packing. One end of the connecting-rod is attached to the 
centre of the trunk, the other end being connected with the crank, which 
is formed directly upon the screw-shaft. The air-pump lies in a horizontal 
position, is double-acting, and placed within the condenser. A large pipe, 
called the eduction pipe, leads from the cylinder to the condenser, where 
the condensation is produced by a jet of cold water, and the warm water 
resulting from the process is ejeeted by the air-pump through the waste- 
pipe, and discharged overboard. In fig. 27 one cylinder and one air- 
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piston area equal to tliat of a piston 55 inches in diameter. In the ‘ ‘Arrogant” 
the length of stroke is 3 feet, and in the “ Encounter” it is 2 feet 3 inches. 
The nominal power of both engines is 360 horses ; and the diameter of the 
“Arrogant’s” screw is 15 feet 6 inches, that of the “Encounter” beingl2feet. 
The pitch of both is 15 feet, and the length 2 feet 6 inches. The “Arrogant” 
Is a vessel of 1872 tons burden, and the “Encounter” of 953 tons. The 
whole machinery, including the boilers, is placed below the water line, so 
ns to be protected from shot.* 

S8. The forms of screw-propelling engines, whether they act on 
the screw-shaft by intermediate gearing or directly, are infinitely 
various, llrawings of not less than 1 5 different forms of geared- 
engines, and the like number of direct acting engines, are given 
in two large plates prefixed to Mr. Bourne’s work on the screw- 
propeller, to which we must refer those who require information 
of this detailed description. In the vessels of the lloyal Marine 
generally the cylinders are placed upon the sides, so that, by 
diminishing the total height of the machinery above the floor 
on which it rests, it maj r be kept below the water-line. In 
commercial vessels a form of engines is frequently employed 
resembling the land beam-engines, witli the cylinder at one 
end of the beam, and the connecting-rod at the other. In such 
cases the connecting-rod extends downwards from the end of 
the beam to the crank. In either case the cylinder is inverted, 
and the connecting-rod proceeds from the end of the piston-rod 
to turn the crank, the end of the piston-rod being of course 
steadied by suitable guides. According to Mr. Bourne, the con- 
struction of the engines described above in the case of the 
“Arrogant” and “ Encounter ” is, on the whole, the best for screw- 
vessels, but he thinks it might be preferable to put the trunk 
into the air-pump instead of the cylinder. He considers also that 
the condenser might be dispensed with, and the condensations 
performed in the air-pump. In that case the flow of water to 
and from the air-pump might be governed by a slide-valve, 
similar to that which is employed to regulate the admission and 
escape of steam to and from the cylinder. It seems probable that 
slide-valves may be brought into general use for pumps of every 
sort, but in the case of ordinary ones for raising water these valves 
need not be like the common slide-valves, which in fact are not 
well adapted to give sufficient area for such purposes, but may 
consist of a short wide cylinder with gridiron orifices revolving 
slowly at the top and bottom of the air-pump. 

89. The general arrangement of the machinery and fuel in screw- 
propelled vessels of the Boyal Navy is illustrated by the transverse 
section of H.M.’s screw stcam-packet “ Plumper,” shown in fig. 28. 

" Figs. 26 and 27 are copied, with the permission of the publisher and 
the author, from Braude’s “ ^Dictionary of Science and Art,” to which the 
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90. The question of auxiliary steam power to be used occa- 
sionally, as well for commercial as for war purposes, is one of the 
highest importance and interest, and one, moreover, which expe- 
rience has not yet enabled us perfectly to understand and 
elucidate. For commercial purposes the saving of fuel, when the 
vessel has favourable winds, and the adaptation of her structure 
to the conditions necessary for a sailing-vessel, is of the highest 
importance ; and in naval warfare a propelling power, however 
inadequate it may be for constant propulsion and the maintenance 
of high speeds in long voyages, may nevertheless be all-sufficient 
for conducting vessels into action or into hostile ports. 

91. It has been already stated on the authority of Mr. Bourne, 
and as the result of experiments made on a large scale, that 
screw-vessels intended to go head to wind and work against 
head-seas, arc not as efficient with the same consumption of fuel 
as paddle-wheel vessels. Under the combined operation of sails 
and steam, however, they are generally as efficient, and, when 
deeply laden, more so. A screw- vessel being divested of paddle- 
boxes partakes more of the character of a sailing-ship ; neverthe- 
less, from the experiments made with the “ Niger ” and “Basilisk,” 
it does not appear that a screw-vessel is more efficient under sails 
than a paddle- vessel, though such a result may naturally be 
expected. The advantages, therefore, which attend the use of 
screw-propelling engines as an auxiliary power, do not result from 
any superiority of the screw as a propeller, nor from the increased 
facility which it presents for the application of sails, but are to be 
ascribed to the late employment in screw- vessels of wind-power 
which costs nothing, instead of steam-power which costs much, 
and also to the maintenance of lower rates of speed than are 
thought necessary in paddle-wheel vessels. The screw is a less 
cumbrous propeller than the paddle, and since it permits a much 
higher speed of the engine, a greater engine power maj' be com- 
pressed in a smalle r compass. 

On the whole, therefore, the screw for all the purposes of 
auxiliary propulsion is much to he preferred ; nevertheless it must 
he understood that its snpeiior eligibility is not so much due to 
its greater efficiency, as to the greater convenience in the applica- 
tion of auxiliary steam-power which its employment affords. 

92. The horse-power of marine engines is either nominal or real. 
The nominal power is estimated by assuming a certain average 
effective pressure of steam, and a certain average linear velocity 

reader is referred for a great mass of important details, for which we 
cannot here afford space. Still further information on the same subject 
may he found in Mr. Bourne’s work “ on the Screw-propeller” already 
quoted, that gentleman being also the author of the article in Braude. 
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of the piston. The pressure multiplied by the velocity gives the 
effective force of the piston, or, what is the same, of the engine 
exerted through a given number of feet per minute ; and since the 
force called a horse-power means 33000 lbs. acting thus one foot 
per minute, it follows that the nominal power of the engine will 
be found by dividing the effective force exerted by tlie piston, 
multiplied by the number of feet per minute through which it acts, 
by 33000. 

It is assumed in all Admiralty contracts, and generally also in 
those of the commercial marine, that, after deducting from the 
total pressure of steam in the boiler that portion which is 
neutralised by the gases and uncondensed steam in the condenser, 
the friction of the moving parts and all other sources of resistance, 
the actual available or effective pressure of steam upon the piston 
is at the rate of 7 lbs. per square inch of piston surface. The 
total nominal effective action of the piston in pounds will therefore 
be found by multiplying the number of square inches in the area 
of the piston b} T 7. 

93. In the following tables, obtained from the government 
authorities, will be found a complete statement of the strength of 
her Majesty’s steam navy up to tlie 1st of April, 18.36. 

By Table I. it appears that the number of linc-of-battlc ships 
fitted and fitting with the screw-propeller was then 43, carrying 
a total number of 3797 guns, and propelled by engines of the 
collective power of 229.30 horses. This is at the average rate of 
88J guns, and 033 horses per vessel ; the proportion of guns to 
horses being about 0 horses per gun. 

By Table LI. it appears tha' the number of frigates and 
mortar-ships was 24, carrying collectively 889 guns, and propelled 
by engines of 10060 horse-power, being at the average rate of 
37 guns, and 440 horses per vessel ; the proportion of horses to 
guns being about 12 horses per guu. 

By Table 111. it appears that there were 90 war steamers fitted 
with paddle-wheels, carrying the total number of 000 guns, and 
propelled by engines having the collective power of 24640 horses, 
being at the average rate of 0£ guns, and 274 horses per vessel; the 
proportion of horse-power to guns being about 00 horses per gun. 

By Table IV. it appears that there were 76 smaller vessels fitted 
with screw-propellers, consisting of corvettes, sloops, and despatch 
boats, carrying in all 761 guns, und propelled by engines of the 
collective power of 16202 horses, being at the average rate of 10 
guns and 213 horses per vessel ; the proportion of horse-power to 
guns being therefore about 21 horses per gun. 

In Table V. is given the number and power of the troop and 
store-ships, water-tanks, &c. ; in Table VI. a statement of the 
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steam-propelled gun-boats ; and in Table VII. a general summary 
ot‘ the entire steam navy. 

In Table VIII. is given a statement of the commercial steam 
navy in March 1853. 


TABLE I. 

Li nc-of- Battle, Shijis jilted and filthy with the Screw- Propeller in Her 
Majesty's Navy. 



Name. 

' ? 

O 

ll 

jS I 

| Name. 

i 

5 

o 

Ilorse 

Power 

j Name. 

| Guns. 

Horse 

Power 

1 

Agamemnon . 

. 01 

goo! 

Brought fur ward 

1253 

7500 

| Brought forward 

2475 

1470f 

*2 

Ajax . 

. 00 

4.00' 

lOExmouth . . 

90 

400 

20 1 Orion . . . 

91 

G0C 


Algiers . 

. 00 

4.0i); 

17j(iibrultar . 

10O 

800 

31 ! Pembroke . 

GO 

200 

' l 

Blenheim . 

. GO 

•100 ; 

IS; Hannibal . . 

90 

450 

22' Princess Royal . 

91 

40t 

1 5 

Brunswick . 

. SO 

400' 

19 j Hastings . 

GO 

200 

33 j Renown . . 

90 

8UC 

6 

Caisar . 

. 91 

400: 

20! Hawke . . . 

GO 

200 

34 j Revenge . 

90 

SOC 

7 

Centurion 

. SO 

•lO.i ! 

21 Hero . 

90 

GOO 

35 j Royal Albert. . 

121 

50C 

8 

Colossus 

. so 

400 ! 

'22 1 Hogue . . . 

GO 

450 

3G; Royal George . 

102 

40C 

0 

Conqueror 

. 100 

soo, 

1 23 lie we 

120 

1000 

37 j Royal Sovereign 

120 

100C 

10 

Cornwallis . 

GO 

200 

i24 ! Irresistible . . 

SO 

400 

38 'Russell . . . 

GO 

20C 

11 

Crcssy . 

. S0j 

400 

!2.V James Watt 

91 

600 

39] St. Jean d’Acre . 

101 

GOO 

12 

Donegal 

. 100, 

SOO 

j2G. Majestic . . 

; so 

400 

40 Sauspareil . 

70 

350 

13 

1). of Wellington ; 131 

700 

j 2 i' Marlborough 

1 130 

SOO 

41 Victor Emanuel. 

90 

GOO 

il4 

Edgar 

. 90 

GOO 

■is! Mars . . . 

; 80 

400 

42 Victoria . . 

120 

1000 

ia 

Edinburgh . 

. , GO 

! 450 

j29 ! ,Nile . 

91 

500 

i4 3 Windsor Castle . 

110 

SOC 




7500 


J'H7"» 

14700 

Total . . 

3797 

22951 


TABLE II. 

Frigates and Mortar-ships fitted and fitting with the Screw-Propeller 
in Her Majesty's Nary. 



Name. 

• oS=' 

5 £ £ Name. 

£ ^ f^l 

6 

if. 


Name. 

7 ’ 

5 

O 

Horse 

Power. 

1 

Amphion 

34 300 . ]Jt. forward 

.155' 

41 4()! 

_ 

Bt. forward 

621 

7250 

0 

Ariadue . . 

30 350 ;10 Doris 

32' 

800 1 

18 

Liftey . . . 

50 

600 

;* 

Arrogant 

4G 3G0 ,]1 Emerald . . 

50. 

GOO! 

19 

San Fiorcn/.o . 

50! 

GOO 

4 

Aurora . 

50 400 12 Eurotas . 

12! 

200 ! 

20 

Sea-horse . . 

12 

200 

1 5 

Bacchante. J 

50 GOO 113 Euryalus . . 

51 i 

400 j 

21 

Shannon 

511 

600 

, G 

Chesapeake . 

50 400 ;14 Forte . 

50! 

400 j 

22 

Termagant . 

24 J 

310 

; 7 

Curacoa . . 1 

30 350 1 15 Forth . . 

12 1 

200 

23 1 

Topaz 

50 

600 

1 8 

Dauntless . 1 

, 33; 580 ilG Horatio . . 

8[ 

250 

21 

Tribune . . 

3! 

300 

' 9 

Diadem . | 

32 j 800 jl7 lmpcrieuse . 

5!j 

300 





1 





Total . . 

889 10560 



355 1 4140 : 

621 

7350 j 



1 
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TABLE III. — A Lint, of War St earner* in Her Majesty'* Service fitted with 
Paddle-wheels. 





Name. 

Guns. 

Horse 

Power. 

"" 

Name. 

Guns. 

Ilorse 

Power. 

&5 

g 

5 

p 


6 ' 

Horse 

Power. 

1 

Alecto . 

r f 

200 ; 

Bt. forward 

112 

7500 I Bt. forward , 

2S3 

15SG0 


Albany . . 

4' 

100 ,32 

Furious . 

10, 

400 G2j Penelope . 
515 G3| Porcupine 

. j 

10 

050 

3 

Ardent . 

6 

200 33 Fury . . . 



3 

132 

4 

A ntelope . . 

f; 

260 ,34 Geyser . 

G 

2S0 G4 ■ Prometheus 


5 

200 

n 

A reus 

0 

300' 36 

Gorgon . . 

G 

320 05 Rbadauianthus 

4 

220 

0 

Asp . . . 


60 30 Gladiator 

G 

430 GG Itedpole . 


1 

160 

7 

Avon 

3 

100 37 

Harpy . 

1 

200 ! 67 Retribution 


2S 

400 

8 

Bann . . . 


80 38 Hecate . . 

re 

240:08 Rosamond 


G 

2S0 

l' 1 Banshee . 

1 > 

360 30 Hecla 

G 

240 00 Sampson . 


0 

4G7 

lOBarraeouta 

0 

300 40 Hermes . . 

G 

220.70, Salamander 


0 

220 

11 1 Basilisk . 

0 

400 41 

II v. Ira . 

0 

220' 71 Scourge 


0 

420 

12 Black Eagle . 


2i>0 42 

Indexible 

6 

37S 72j Shearwater 


s 

1 GO 

13 i Blood Hound. 

;-} 

150 43 

Jackal . . 

4 

150 '73, Sidon . 


22 

50i ) 

14 (Bruno 


SO 44 

Kite 


170 74j Spiteful . 


G 

2S0 

15i Bull Doff . . 

0 

500; 45 

Leopard 

is, 

5G0 75 Spitfire 


5 

140 

10 i Buzzard. 

0 

300 40 Lightning 

3 

100 70 j Sphinx . 


0 

500 

17 

Caradoc . . 

2 

350 47 

Lizard . . 

1 

150 77 i Stromboli . 


0 

280 

18 j Centaur. 

(5 

540. is Locust . 


l')0 7s: Stvx 


G 

280 

10; Columbia . . 

0 

100 40 Lucifer . . 

2 

ISO 79| Tartarus . 


4 

180 

20! Comet . 


80 50 Magiciounc . 

1G 

400 SO, Terrible . 


21 

S00 

21 Cuckoo . . 

3 

100 51 .Medea . 

G 

35o s 1 j Trident 


G 

350 

22 Cyclops . 

0 

320 52 

Medina . . 

4 

312 S2 1 1'ritou . 


3 

200 

23 j Dasher . . 

2 

100 53 

Medusa . 

4 

312 S3 Valorous . 


10 

400 

24 1 Dec. 

4 

200 ’ 54 

Merlin . . 

(1 

312 SF Vesuvius 


0 

2S0 

26, Devastation . 

0 

400 55 

O be ron . 


200 S5[ Virago 


0 

300 

20, Dragon . 

0 

50o 50 ( >din . 

Hi 

500 SO' Vulture . 


0 

470 

27 Dover . . 


00 57 

Osborne . 

2' 

430 87 Weser 


G 

100 

28 Driver . 

0 

280 5S Otter . . . 

3 

120 S3 Widgeon . 



90 

20 Firefly . . 

4 

220 50 

Pigmy . 

3 

loo SO Wildfir- . 



70 

30 Firebrand 

0 

410 00! Polyphemus . 

5 

200 00, Zephyr . 



100 

31 

. 

Fire Queen 

112 

120 01, Pluto. . . 

7500 

1 100 | 

! Total . 

2S3 15869 


500 

21040 1 


TABLE JV. — Corvettes, Sloops, and lies pat eh Can -vessels fitted and 
ft tiny with the Screw-P roy Her in Her Majesty's Service. 



Name. 


£ > Name. 

3 ' l 


. 

5 

w P 
£ P 

Name. 

2 

L £ 
rS P 

1 

Alacrity . . 


200 j Bt. forward 


3.05 

5700 

lit. forward . 

511 

1090 

O 

Alert 

10 

100 27 j Flying Fish 


0 

350 

52 Plumner 

0 

<500 

3 Ariel . . . 

9 

GO 2" Fox Hound 


4 

2lH) 

53 Py lades . . 

2o 

350 

4 

Archer . 

14 

202 29 1 Harrier . 


17 

100 

51 RatGer . 

11 

200- 

* 

Arrow . . 

4 

109 39 i Hesperus . 



120 

56 Recruit 

0 

100 

0 Assurance 

4 

200 i] ’ Highflyer.-, 


21 

250 

50 Reuard . 

4 

200 

7 

Beagle . . 

4 

1 00 32 J Hornet 


17 

100 

57 Rifleman . . 

s 

100 

8 Brisk 

14 

250 33 Icarus 




58 Ringdove 

4 

200 

9; Cadmus . . 

20 

400' 34 j Intrepid 


0 

350 

59 Roebuck. . . 

6 

350 

lOCanicleon 

10 

100 35j Lapwing 


4 

200 

60. Reward . 

4 

200 

11 Challenger 

20 

400. 30 j Lynx . 


4 

100 

01 1 Satellite . 

■Jo 

400 

12 Chary bdis 

20 

400 37! Lyra 


8 

00 

02 Scout . 

20 

40O 

13 

Clio . . . 

i 20 

j 400 38 ! Malacca 


17 

200 

03 Seylla 

i -0 

400 j 

14 

Conflict . 

! S 

| 400 3!»J Minx 


;; 

10 

04! Sharpshooter . 

s 

202 

15 

Coquette . . 

1 4 

j 200 40! Miranda . 


14 

250 

05 Snake . . 

. 4 

100 | 

1G 

Cordelia . 

■ 8 

! GO 41 J Mohawk 


4 

200 

06. Sparrow-hawk. 

4 

200 ; 

17 

Cormorant 

4 1 

1 200 : 42 j Mu tine 


10 

100 

07 Surprise . 

: 4 

200 , 

18 

Cossack . 

20 

250 43! Mj’rmidon 


3 

150 

OS Swallow . . 

9 

60 

19 

Cruiser . . 

17 

1 00 1 441 Niger. 


14 

400 

09 Tartar . 

20 

250 j 

20 

Curlew . 

9 

! 00 1 ,45( Nimrod . 


0 

350 

70j Tea/er . . 


40 

21 

Desjierate . . 

8 

400,! 40 ; Osprey . . 

' ' 

4 

200 

711 Victor 

: 0 

350 

22 

Encounter 

14 

300 47 1 Pearl 


20 

400 

7$; Vigilant . . 

i 4; 

200 

23 

Esk . . . 

21 

250 48 Pelican 


If. 

100 

73 Viper 

I 4> 

100 

24 Etna . . 

14 

200 .49] Pelorus . 


20 

400 

74 Wanderer . . 

1 4 

200 

26 Faleou . . 

17 

100 50; Plucnix . 


0 

200 

75 Wasp 

14 

100 

26 'Fawn . 

i 


128 51 j Pioneer 

*| 

C 

3,50 

70 Wrangler . . 

4 , 

100 



305 

5700 1 

i 

1 

541 10900 

Total . . 

! 7G1 

16202 ; 
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TABLE V. — Trooper, Store-ships, Water-tanks , Flour-mills , Yachts, and 
Floating- factories. 


Name. 

Guns. 

o >3 ; ! 

£ £ Name, 

o o ■ 

wfi,! 1 

Guus. 

Horse 

Power. 


Name. 

| 

6 

Horse 

Power. 

1 Abundance 


100: 1 Bt. forward 

i lSIfl 


Bt. forward . 

n 

4070 

2 Assistance . 


400; 18 Hearty 

. , 100 

i34 Prospero . 


144 

I 3 Advice 


100 It* Helen Pane it 


31 

Resistance . . 

io 

400 

4 Adder 


100. 20 Himalaya . 

. . ! 700 

30 

lte.solutc . 


400 

, .1 African 


IK); 21 Humber . 

.. 30 

37 

Simoom . . 

s 

310 

0 Bruiser . 


100 22 Industry 

2 80 

38 

Sprightly. 


1011 

7 Builiilo 


00 23 Malta 

. . : .10 

30 

Supply . . 

2 

SO 

, 8 Bustler . 


100 24 M opera 

O' 31ft 

40 

Sulina 


120 

0 Chasseur 


](io 2.1 Monkey . 

. . 130 

41 

Sultana . . 



10 Con fiance 


100 20 Moslem 

.. 120 

(42 

Thais 


SO 

, 11 Coromandel 


. . 27 Myrtle 

10 

43 

Torch . . . 


110 

; 12 Crescent. . 


.10; 28 Nimble 


1 4 

Transit 


100 

13 D:uiuIhj 


.. i 20 Peru. 

30 

Ui 

Urge lit, . . 


410 

j 14 Echo 


140' 30 Perseverance 

2 300 

40 

Vulcan 

0 

3 Id 

! 1 L Ellin . 


140 31 Pike. 

.10 

47 

Wye . . . 


100 

, 10 l‘ earless . 


70' 32 Pigeon . 

10 



— 


17, Fox 


200 33 Princess Alice 

1 120 


Total . . 1 

37 

7300 

1 


18.10 i 

11 4070 






TABLE VI. TABLE VII. 

Statement of the Total Number Statement of the Number and Poire r 

and Power of Steam Gun-boats of Steam Vessels of all classes in 

in the 11 o gal Nary on the 1st the lloyal Nary on the }st April , 

April , 1850. 185G. 



122 4 Od ! 4SS . 7320 j Linc-of-BaUlo Ships . | 4:: :J707 ■ ‘220. 'id 

1 j Frigates Ik Mortar-ships.! ‘24 880 10100 

13 4 40 i .12 > .120 i ’addle- wheel Vessels .! 00 ! .100 24040 

I ! Corvettes, Sloops, Arc. .! 70 1 701' 10202 

20 2 2d ! 40 : 400 ITroup-ships . . 47 37] 7300 

I Cun-boats . . . .j ] 5.1 ,180 8240 

1.11 10 120 , .ISO 8240 ! j 43.1 0104 -80802 


TABLE VIII . — Showing the number of vessels (wood and iron) belonging Id 
the Mail Contract Steam Packet Compan ies in March, IS53; also Hu ir 
Tonnage and Horse Power, from Parliamentary return ordered to be 
printed 2 !)</*. June, 1853. 


To wliat Company 
belonging. 

Number oi Vessels. 

Wood. Iron. 'Total. 

1 

Wood. 

on nag* 

Iron. 

>. j Horse Power. 

I 1 

Total. Wood. ( Iron, j Total. j 

Peninsula and Oriental 

11 

22 

33 

11800 

20449 

38249 

4086 

7481 

111071 

Royal West India . . 

10 

1 

20 

32012 

2700 

31312 

8710 

800 

9110, 

British and N. American 

8 

1 

9 

14991 

2100 

17491 

1090 

1000 

0090 

Pacific .... 


8 ! 

8 


0088 

GOSS 


2298 

2298! 

General Screw Steam )_ j 
Shipping . . ) I 

Australian . . . i 


8 1 

8 


1349Gj 

13490 

•• 

2210 

2250;' 


i ! 



I SG00 

8000 


1800 

1800' 

: South Western . . ' 

•. 

4 

4 


1012 

1612 


077 

077' 

African 


4 

4 


3920 

3920 

.. 

530 

.130' 

Total . . . 

3s ; 

“ i 


19403 

G19Gl| 


18120! 

10830 

1 


Grand total 

01 

Grand total 

121308 

Grand total 

31302 


i :« 




TIIUN I) HU AND LHilJTNINU, AND THE 
AURORA BOREALLS. 


1. Atmospheric Electricity. — 2. TIk* air generally charged with positive 
electricity. — <>. Subject to variations and exceptions. — 4. Diurnal 
variations of electrical intensity. Observations of Quetelet. — 5. 
Irregular and local variations and exceptions. — 0. Variations 
dependent on the season and weather.-— 7. Methods of observing 
atmospheric electricity. — 8. Methods of ascertaining the electrical 
condition of the higher strata. — !>. Remarkable experiments ot 
Romas, 1757. — 10. Electrical charge of clouds varies. — 11. Thunder 
and lightning. — 12. Form and extent of the flash of lightning. — 13. 
Cause of the rolling of thunder. — 14. Affected by the zigzag form of 
lightning. — 15. Affected by the varying distance of different parts of 
the flash. — 16. Affected by echo and by interference. — 17. Inductive 
action of clouds on the earth. — IS. Formation of Fulgurites explained. 
— li). Accidents of the surface which attract lightning. — 20. Lightning 
follows conductors by preference— its effects on buildings. — 21 . Con- 
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THUNDER AND LIGHTNING. 


tluo torn or paratonnerres for the protection of buildings. — 22. Effects 
of lightning on bodies which it strikes. — 23. The Aurora Borealis 
— the phenomena unexplained. — 24. General character of the 
meteor. — 25. Description of auroras seen in the polar regions by 
M. Lottin. 

1. There is no part of physical science in which the researches 
of modern investigators have been attended with such signal 
success, as those which have been directed to the discovery of the 
influence of electricity upon the atmosphere. Indeed it would be 
difficult to name any atmospheric change, which is not directly or 
indirectly connected with electric agcncj r . It is true that these 
atmospheric phenomena, fugitive and transitory as most of them 
are, have not been in all eases traced with clearness and cer- 
tainty to their causes, that the relation of some of them to the 
agency of electricity is rendered probable, more from general 
appearances than by distinct and satisfactory demonstration, and 
that some of them, which are evidently of electric origin, have, 
nevertheless, remained unexplained by, or not reduced to, any of 
the known laws which govern that physical agent. Still there is 
much that falls under the general principles of electric science, 
and those phenomena which remain with or without any satis- 
factory explanation require to be stated, that these who 
pursue this part of physical science, with a view to extend its 
limits, may be guided to proper subjects of observation and 
investigation. 

Ilow important the topics embraced under the general Itead of 
atmospheric electricity are, will be understood when it is stated, 
that upon the electric condition of the atmosphere, and the 
changes incidental to it, depend not only the stupendous phe- 
nomena of thunder-storms, but also the whole of that beautiful 
and interesting class of phenomena comprised under the general 
name of Aurora Borealis. 

2. The terrestrial globe which we inhabit is invested with an 
ocean of air, the depth of which is about the 200th part of its 
diameter. It may, therefore, be conceived by imagining a coat- 
ing of air, the tenth of an inch thick, investing a twenty-inch 
globe. This aerial ocean, relatively shallow as it is, at the 
bottom of which the tribes of organised nature have their 
dwelling, is, nevertheless, the theatre of stupendous electrical 
phenomena. 

It may be stated as a general fact, that the atmosphere which 
thus covers the globe is charged with positive electricity, which, 
acting by induction on the superficial stratum of the globe ou 
which it rests, decomposes the natural electricity, attracting the 
negative fluid to the surface and repelling the positive fluid to 
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’the inferior strata. The globe and its atmosphere may therefore 
be not inaptly compared to a Leyden phial, the outer coating of 
which being placed in connection with the prime conductor of a 
machine, is charged with positive electricit}^, and the inner coating 
being in connection with the ground, is charged by induction with 
negative electricity. The outer coating represents the atmosphere, 
and the inner the superficial stratum of the globe. 

3. This normal state of the general atmospheric ocean is 
subject to variations and exceptions, variations of intensity and 
exceptions in quality or name. The variations are periodical and 
accidental. The exceptions local, patches of the general atmos- 
phere in which clouds float being occasionally charged with 
negative electricity. 

4. The intensity of the electricity with which the atmosphere 
is charged, varies, in the course of twenty-four hours, alternately 
increasing and decreasing. M. Quetelet found that the first 
maximum was manifested about 8 a.3I., and the second about 

e.3i. The minimum in the day was at 3 l'.M. He found 
also that the mean intensit}' was greatest in January and least 
in June. 

o. Such are the normal changes which the electrical condition 
of the air undergoes when the atmosphere is clear and unclouded. 
When, however, the firmame nt is covered # with clouds, the elec- 
tricity is subject during the day to frequent and irregular changes 
not only in intensity but in name ; the electricity being often 
negative, owing to the presence of clouds over the place of 
observation, charged, some with positive, and some with negative 
•electricity. 

(5. The intensity of the electricity of the air is also affected by 
the season of the year, and by the prevalent character and 
direction of the winds ; it varies also with the elevation of the 
strata, being in general greater in the higher than in the lower 
regions of the atmosphere. The intensity is generally greater in 
winter, and especially in frosty weather, than in summer, and 
when the air is calm than when winds prevail. 

Atmospheric deposits, such as rain, hail, snow, &c., are some- 
times positive and sometimes negative, varying with the direction 
of the wind. Xorth winds give positive, and south winds negative 
deposits. 

7. The electricity of the atmosphere is observed by erecting in 
it, to any desired elevation, pointed metallic conductors, from the 
lower extremities of which wires are carried to electroscopes of 
various forms, according to the intensity of the electricity to be . 
observed. Ho immediate is the increase of electrical tension in 
rising through the strata of the air, that a gold leaf electroscope, 
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properly adapted to the purpose, and reduced to its natural state 
when placed horizontally on the ground, will show a sensible 
divergence when raised to the level of the eyes. 

8. To ascertain the electrical condition of strata too elevated 
to be reached by a fixed conductor, the extremity of a fiexible 
wire, to which a metallic point is attached, is connected with a 
heavy ball, which is projected into the air by a gun or pistol, or 
to an arrow projected by a bow. The projectile, when it attains 
the limit of its flight, detaches the wire from the electroscope, 
which then indicates the electrical state of the air at the highest 
point attained by the projectile. 

9. The vast quantities of electricity with which the clouds are 
sometimes charged, were rendered manifest in a striking manner 
by the well-known experiments made by means of kites by llomas 
in 17o7. The kite, carrying a metallic point, was elevated to the 
strata in which the electric cloud floated. A wire was connected 
with the cord, and carried from the pointed conductor borne by 
the kite to a part of the cord at some distance from the lower 
extremity, where it was turned aside and brought into connection 
with an electroscope, or other experimental means of testing the 
quantity and quality of the electricity with which it was charged. 
Romas drew from the extremity of this conducting wire not only 
strong electric sparks, hut blades of fire nine or ten feet in length, 
and an inch in thickness, the discharge of which was attended 
with a report as loud as that of a pistol. In loss time than an 
hour, not less than thirt} r flashes of this magnitude and intensity 
were often drawn from the conductor, besides many of six or seven 
feet and of less length. 

10. It has been shown by means of kites thus applied, that the 
clouds are charged some with positive and some with negative 
electricity, while some are observed to be in their natural state. 
These circumstances serve to explain some phenomena observed 
in the motions of the clouds which arc manifested in stormy 
weather. Clouds which are similarly electrified repel, and those 
which are oppositely electrified attract each other. Hence arise 
motions among such clouds of the most opposite and complicated 
kind. While they are thus reciprocally attracted and repelled in 
virtue of the electricity with which they are charged, they are 
also transported in various directions by the currents which pre- 
vail in the atmospheric strata in which they float, these currents 
often having themselves different directions. 

11. Such appearances are the sure prognostics of a thunder- 
storm. Clouds charged with contrary electricities affect each 
other by induction, and mutually attract, whether they float in 
the same stratum or in strata at different elevations. When they 
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come within striking distance , the contrary fluids rush to each 
other, and an electrical discharge takes place. 

The clouds, however, unlike the metallic coatings of the jar, 
are very imperfect conductors, and consequently, when discharged 
at one part of their vast extent, they preserve elsewhere their 
electricity in its original intensity. Thus, the first discharge, 
instead of establishing equilibrium, rather disturbs it, for the 
part of the cloud which is still charged is alone attracted by the 
part of the other cloud in which the fluid has not yet been 
neutralised. Hence arise various and complicated motions and 
variations of form of the clouds, and a succession of discharges 
between the same clouds must take plac.^ before the electrical 
equilibrium is established. This is necessarily attended by a corre- 
sponding succession of flashes of lightning and claps of thunder. 

12. The form of the flash in the case of lightning, like that of 
the spark taken from an electrified conductor, is zigzag. The 
doublings or acute angles formed at the successive points when 
the flash changes its direction vary in number and proximity. 
The cause of this zigzag course, whether of the electric spark or 
of lightning, has not been explained in any clear or satisfactory 
manner. 

The length of the hashes of lightning also varies ; in some 
cases they have been ascertained to extend to from two-and-a- 
lialf to three miles. It is probable, if not certain, that the line 
of light exhibited by Hashes of forked lightning are not in reality 
one continued line simultaneously luminous, but that on the con- 
trary the light is developed successively as the electricity proceeds 
in its course, the appearance of a continuous line of light being an 
optical effect, analogous to the continuous line of light exhibited 
when a lighted stick is moved rapidly in a circle, the same 
explanation beiug applicable to the case of lightning. 

13. As the sound of thunder is produced by the passage of the 
electric fluid through the air which it suddenly compresses, it is 
evolved progressively along the entire space .along which the 
lightning moves. But since sound moves only at the rate of 1 100 
feet per second, while the transmission of light is so rapid that 
in this case it may be considered as practically instantaneous, the 
sound will not reach the ear for an interval greater or less after 
the perception of the light, just as the Hash of a gun is seen before 
the report is heard. 

By noting the interval, therefore, which elapses between the 
perception of the flash and that of the sound, the distance of 
. the point where the discharge takes place can be computed 
approximately, by allowing 1100 feet for every second in the 
interval. 
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But since a separate sound is produced at every point through 
which the hash passes, and as these points are at distances from 
the observer which vary according to the position, length, 
direction, and form of the Hash, it will follow necessarily that the 
sounds produced by the same Hash, though practically simul- 
taneous, because of the great velocity w ith which the electricity 
moves, arrive at the ear in comparatively slow succession. 

The varying loudness of the successive sounds heard in the 
rolling of thunder, proceeds in part from the same causes as the 
varying intensity of the light of the Rash. But it may, perhaps, 
be more satisfactorily explained by the combination of the suc- 
cessive discharges of the same cloud, rapidly succeeding cacli 
other, and combining their effects with those arising from the 
varying distances of different parts of the same Hash. 

14. It appears to us that the varying intensity of the rolling of 
thunder may also be very clearly and satisfactorily explained by 
the zigzag form of the flash, combined with the effect of the 
varying distance ; and it seems extraordinary that an explanation 
so obvious has not been suggested. Let- a, u, c, i> (tig. 1), be a 
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part of a zigzag flash seen by an observer at o. Taking o as a 
centre, suppose arcs c c and n b of circles to be drawn, with o c 
and o r» as radii. It is clear that the points c and c, and n and b y 
being respectively equally distant from the observer, the sounds 
produced there will be heard simultaneously, and, supposing 
them equal, will produce the perception of a sound twice as loud 
as either heard alone would do. All the points on the zigzag 
c r, c b are so placed that three of them are equi- distant from o. 
Thus, if with o as centre, and o m as radius, a circular arc be 
described,. it will intersect the path of the lightning at three 
points m, m', and m", and these three points being, therefore, at 
the same distance from o, the sounds produced at them will 
reach the observer at the same moment, and if they be equally 
intense will produce on the ear the same effect as a single , 
sound three times as loud. The same will be true for all the 
points of the zigzag between c and b. Thus, in this case. 
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supposing the intensity of the lightning to he uniform from A to 
n, there will be three degrees of loudness in the sound produced, 
the least between A and c and between b and i>, the greatest 
between c and b along the zigzag, and the intermediate at the 
points c c and n b. 

It is evident, that from the infinite variety of form and position 
with relation to the observer, of which the course of the lightning 
is susceptible, the variations of intensity of the rolling of thunder 
which may be explained in this way have no limit. 

15. Since the loudness of a sound diminishes as the square of 
the distance of the observer is increased, it is clear that this affords 
another means of explaining the varying loudness of the rolling of 
thunder. 

16. As the rolling of thunder is much more varied and of 
longer continuance in mountainous regions than in open plain 
countries, it is no doubt also affected by reverberation from every 
surface capable of reflecting sound, which it encounters. A 
part therefore of the rolling must be in such eases the effect 
of echo. 

It, has been also conjectured that the acoustic effects are 
modified by the effects of interference. 

17. A cloud charged with electricity, whatever be the quality of 
the ffuid or the state of the atmosphere around it, exercises by 
induction an action on all bodies upon the earth’s surface imme- 
diately under it. It has a tendency to decompose their natural 
electricity, repelling the fluid of the same name, and attracting to 
the highest points the fluid of a contrary name. The effects thus 
actually produced upon objects exposed to such induction, will 
depend on the intensity and quality of the electricity with which 
the cloud is charged, its distance, the oonduetibility of the 
materials of which the bodies affected consist, their magnitude, 
position, and, above all, their form. 

Water being a much better conductor than earth in any state 
of aggregation, thunder clouds act with great energy on the sea, 
lakes, and other large collections of water. The Hash lias a 
tendency to pass between the cloud and the water, just as the 
spark passes between the conductor of an electric machine and the 
hand presented to it. 

18. This explains the fact that lightning sometimes penetrates 
strata of the solid ground, under which subterranean reservoirs of 
water are found. The water of such reservoirs is affected by the 
inductive action of an electrified cloud, and in its turn reacts 
upon the cloud, as one coating of a. Leyden jar reacts upon the 
other. When this mutual action is sufficiently strong to over- 
come the resistance of the subjacent atmosphere, and the strata of 
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soil under which the subterranean reservoir lies, a discharge 
takes place, and the lightning penetrates the strata, fusing the 
materials of which it is composed, and leaving a tubular hole with 
a hard vitrified coating. 

Tubes thus formed have been called fulgurites , or thunder 
tubes . 

19. The w r ell known properties of points, edges, and other 
projecting parts of conductors, will render easily intelligible the 
influence of mountains, peaked hills, projecting rocks, trees, 
lofty edifices, and other objects, natural and artificial, which 
project upwards from the general surface of the ground. 
Lightning never strikes the bottom of deep and close valleys. 
In Switzerland, on the slopes of the Alps and Pyrenees, and in 
other mountainous countries, multitudes of cultivated valleys are 
found, the inhabitants of which know by secular tradition that 
they have nothing to fear from thunder-storms. If, however, the 
width of the valleys were so great as twenty or thirty times their 
depth, clouds would occasionally descend upon them in masses 
sufficiently considerable, and lightning would strike. 

Solitary hills, or elevated buildings rising in the centre of an 
extensive plain, are peculiarly exposed to lightning, since there 
are no other projecting objects near them to divert its course. 

Trees, especially if they stand singly apart from others, are 
likely to be struck. Being from their nature more or less im- 
pregnated with sap, which is a conductor of electricity, they 
attract the fluid, and are struck. 

The effects of such objects are, however, sometimes modified by 
the agency of unseen causes below the surface. The condition of 
the soil, subsoil, and even the inferior strata, the depth of the 
roots and their dimensions, also exercise considerable influence on 
the phenomena, so that in the places where there is the greatest 
apparent safety there is often the greatest danger. It is, never- 
theless, a good general maxim not to take a position in a thunder- 
storm either under a tree or close to an elevated building, but to 
keep as much as possible in the open plain. 

20. Lightning falling upon buildings chooses by preference the 
points which are the best conductors. It sometimes strikes and 
destroys objects which are non-conductors, but this happens 
generally when such bodies lie in its direct course towards con- 
ductors. Thus lightning has been found to penetrate a wall 
attracted by a mass of metal placed within it. 

Metallic roofs, beams, braces, and other parts in buildings, are 
liable thus to attract lightning. The heated and rarefied air in 
chimneys acquires conductibility. Hence it happens often that 
lightning descends chimneys, and thus passes into rooms. It 
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follows bell- wires, metallic mouldings of walls and furniture, and 
fuses gilding. 

21. The purpose of paratonncrres or conductors, erected for the 
protection of buildings, is not to repel, but 
rather to attract lightning, and divert it into Flg ’ 

a course in which it will be innoxious. I 


A paratonnerre is a pointed metallic rod, 
the length of which varies with the building 
on which it is placed, but which is generally 
from thirty to forty feet. It is erected ver- 
tically over the object it is intended to pro- 
tect. From its base an unbroken series of 
metallic bars, soldered or welded together 
end to end, are continued to the ground, 
where they are buried in moist soil, or, 
better still, immersed in water, so as to faci- 
litate the escape of the tiuid which descends 
upon them. If water, or moist soil, cannot be 
conveniently found, it should be connected 
with a sheet of metal of considerable super- 
ficial magnitude, buried in a pit tilled with 
pounded charcoal, or, better still, with braise. 

The parts of a well-constructed paratonnerre 
are represented in fig. 2. The rod, which is of 
iron, is round at its base, then square, and 
decreases gradually in thickness to the summit. 
It is composed commonly of three puces closely 
jointed together, and secured by pins passed 
transversely through them. In the figure are 
represented only the two extremities of the 
lowest, and those of the intermediate piece, to 
avoid giving inconvenient magnitude to the 
diagram. The superior piece, //, is represented 
complete. It is a rod of brass or copper, 
about two feet in length, terminating in a 
platinum point about three inches long, at- 
tached to the rod by silver solder, which is 
further secured by a brass ferule, which gives 
the projecting appearance in the diagram below 
the point. 

Three of the methods, reputed the most 
efficient for attaching the paratonnerre to the 
roof, are represented in fig. 3, at p , l> and f. 



b 


At p the rod is supported against a vertical piece, to which it 
is attached by stirrups ; at / it is bolted upon a diagonal brace ; 
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and at / it is simply secured by bolts to a horizontal beam 
through which it passes. The last is evidently the least solid 
method of fixing it. 


Tig. :j. 



The conductor is continued downwards along the wall of the 
edifice, or in any other convenient course, to the ground, either 
by bars of iron, round or square, or by a cable of iron or copper 
wires, such as is sometimes used for the lighter sort of suspension 
bridges. This is attached, at its upper extremity, to the base of 
the paratonnorre by a joint, which is hermetically closed, so as to 
prevent oxidation, which would product; a dangerous solution of 
continuity. 

To comprehend the protective influence of this apparatus, it 
must be considered that the inductive action of a thunder-cloud 
decomposes the natural electricity of the rod, more energetically 
than that of surrounding objects, both on account of the material 
and the form of the rod. The point becoming surcharged with 
the fluid of a contrary name from that of the cloud suspended over 
it, discharge's this fluid in a jet towards the cloud, where it 
combines with and neutralises an equal quantity of the electricity 
with which the cloud is charged, and, by the continuance of this 
process, ultimately reduces the cloud to its natural state. 

It is therefore more correct to say that the paratonnorre draws 
electricity from the ground and projects it to the cloud, than that 
it draws it from the cloud and transmits it to the earth. 

It is evidently desirable that all conducting bodies to be pro- 
tected by the paratonnerre, should be placed in metallic connection 
with it, since; in that case their electricity, decomposed by the 
inductive action of - the clouds, will necessarily escape by the 
conductor either to the earth or to the cloud by the point. 
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it is considered generally that the range of protection of a 
paratonnerre is a circle round its base, whose radius is two or 
three times its length. 

22. The effects of lightning, like those of electricity evolved 
by artificial means, are threefold, physiological, physical, and 
mechanical. 

When lightning kills, the parts where it has struck bear the 
marks of severe burning ; the bones are often broken an<f crushed 
as if they had been subjected to violent mechanical pressure. 
When it acts on the system by induction only, which is called the 
secondary or indirect shock, it does not immediately kill, but 
inflicts nervous shocks so severe as sometimes to leave effects 
which are incurable. 

The physical effects of lightning produced upon conductors is 
to raise their temperature. This elevation is sometimes so great 
that they are rendered incandescent, fused, and even burned. 
This happens occasionally with bell- wires, especially in exposed 
and unprotected positions, as in courts or gardens. The drops ol 
molten metal produced in such cases set tire to any combustible 
matter on which they may chance to fall. Wood, straw, and such 
non-conducting bodies are ignited generally by the lightning- 
drawn through them, l>y the attraction of other bodies near them 
which are good conductors. 

The mechanical effects of lightning, the physical cause of which 
has not been satisfactorily explained, are very extraordinary. 
Enormous masses of metal are torn from their supports, vast 
blocks of stone are broken, and massive buildings are razed to the 
ground. 

2d. J\0 theory or hypothesis which lias commanded general 
acceptation, has yet been suggested for the explanation of the 
Aurora Borealis. All the appearances which attend the pheno- 
menon are, however, electrical ; and its forms, directions, and 
positions, though ever varying, always bear a remarkable relation 
to the magnetic meridians and poles. Whatever, therefore, be 
its physical cause, it is evident that the theatre of its action is the 
atmosphere ; and that the agent to which the development is due, is 
electricity, influenced in some unascertained manner by terrestrial 
magnetism. In the absence of any satisfactory theory for the 
explanation of the phenomenon, we shall coniine ourselves here to 
a short description of it, derived from the most extensive and 
exact scries of observations which have been made in those 
regions, where the meteor has been seen with the most marked 
characters and in the greatest splendour. 

24. The Aurora Borealis is a luminous phenomenon which 
appears in the heavens, and is seen in high latitudes in both 
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hemispheres. The term Aurora Borealis, or Northern Lights, has 
been applied to it, because the opportunities of witnessing it are, 
from the geographical character of the globe, much more frequent 
in the northern than in the southern hemisphere. The term 
aurora polaris would be a more proper designation. 

This phenomenon consists of luminous rays of various colours, 
issuing jpom every direction, but converging to the same point, 
which appear after sunset generally toward the north, occasionally 
toward the west, and sometimes, but rarely, toward the south. 
It frequently appears near the horizon, as a vague and diffused 
light, something like the faint streaks which harbinger the rising 
sun and form the dawn. Hence the phenomenon has derived its 
name, which signifies northern monthly. Sometimes, however, it 
is presented under the form of a sombre cloud, from which luminous 
jets issue, which are often variously coloured, and illuminate the 
entire atmosphere. 

The more conspicuous auroras commence to be formed soon 
after the close of twilight. At first a dark mist or foggy cloud is 
perceived in the north, and a little more brightness towards the 
west than in the other parts of the heavens. The mist gradually 
takes the form of a circular segment, resting at each corner on the 
horizon. The visible part of the arc soon becomes surrounded 
with a pale light, which is followed by the formation of one or 
several luminous arcs. Then come jets and rays of light variously 
coloured, which issue from the dark part of the segment, the 
continuity of which is broken by bright emanations, indicating a 
movement of the mass, which seems agitated by internal shocks, 
during the formation of these luminous radiations, that issue from 
it as flames do from a conflagration. AYhen this species of fire 
has ceased, and the aurora has become extended, a crown is 
formed at the zenith, to which these rays converge. From this 
time the phenomenon diminishes in its intensity, exhibiting, 
nevertheless, from time to time, sometimes on one side of the 
heavens and sometimes on another, jets of light, a crown, and 
colours more or less vivid. Finally the motion ceases, the light 
approaches gradually to the horizon ; and the cloud, quitting the 
other parts of the firmament, settles in the north. The dark part 
of the segment becomes luminous, its brightness being greatest 
near the horizon, and becoming more feeble as the altitude 
augments, until it loses its light altogether. 

The aurora is sometimes composed of two luminous segments, 
which are concentric, and separated from each other by one dark 
space, and from the earth by another. Sometimes, though rarely, 
there is only one dark segment, which is symmetrically pierced 
round its border by openings, through which light or fire is seen. 
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25. One of the most recent and exact descriptions of this meteor 
is the following, supplied by M. Lottin, an officer of the French 
navy, and a member of the Scientific Commission sent some years 
ago to the North Seas. Between September, 1838, and April, 
1839, this savant observed nearly 150 meteors of this class. They 
were most frequent from the 17th November to the 25th January, 
being the interval during which the sun remained constantly 
below the horizon. During this period there were sixty-four 
auroras visible, besides many which a clouded sky concealed 
from the eye, but the presence of which was indicated by the 
disturbances they produced upon the magnetic needle. 

The succession of appearances and changes presented by these 
meteors are thus described by M. Lottin : — 

Between four and eight o’clock, ]vm., a light fog, rising to the 
altitude of six degrees, became coloured on its upper edge, being 
fringed with the light of the meteor rising behind it. This border 
becoming gradually more regular, took the form of an arc, of a 
pale yellow colour, the edges of which were diffuse, the extremities 
resting on the horizon. This bow swelled slowly upwards, its 
vertex being constantly on the magnetic meridian. Blackish 
streaks divided regularly the luminous arc, and resolved it into a 
system of rays ; these rays were alternately extended and con- 
tracted ; sometimes slowly, sometimes instantaneously ; some- 
times they would dart out, increasing and diminishing suddenly 
in splendour. The inferior parts, or the feet of the rays, pre- 
sented always the most vivid light, and formed an arc more or 
less regular. The length of these rays was very various, but they 
ail converged to that point of the heavens, indicated by the direc- 
tion of the southern pole of the dipping needle. Sometimes they 
were prolonged to the point where their directions intersected, and 
formed the summit of an enormous dome of light. 

The bow then would continue to ascend toward the zenith : it 
would suffer an urululatory motion in its light — that is to say, 
that from one extremity to the other the brightness of the rays 
would increase successively in intensity. This luminous current 
would appear several times in quick succession, and it would pass 
much more frequently from west to cast than in the opposite 
direction. Sometimes, but rarely, a* retrograde motion would 
take place immediately afterward ; and as soon as this wave of 
light had run successively over all the rays of the aurora from 
west to east, it would return, in the contrary direction, to the 
point of its departure, producing such an effect that it was 
impossible to say whether the rays themselves were actually 
affected by a motion of translation in a direction nearly hori- 
zontal, or if this more vivid light was transferred from ray to ray, 
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the system of rays themselves suitering no change of position. 
The bow, thus presenting the appearance of an alternate motion 
in a direction nearly horizontal, had usually the appearance of the 
undulations or folds of a ribbon or Rag agitated by the wind. 
Sometimes one, and sometimes both of its extremities would 
desert the horizon, and then its folds would become more numerous 
and marked, the bow would change its character, and assume the 
form of a long sheet of rays returning into itself, and consisting of 
several parts forming graceful curves. The brightness of the rays 
would vary suddenly, sometimes surpassing in splendour stars of 
the iirst magnitude ; these rays would rapidly dart out, and curves 
would be formed and developed like the folds of a serpent ; then 
the rays would affect various colours, the base would be red, the 
middle green, and the remainder would preserve its clear yellow 
hue. Such was the arrangement which the colours always pre- 
served : they were of admirable transparency, the base exhibiting 
blood-red, and the green of the middle being that of the pale 
emerald ; the brightness would diminish, the colours disappear, 
and all be extinguished, sometimes suddenly, and sometimes by 
*low degrees. After this disappearance, fragments of the bow 
would be reproduced, would continue their upward movement, 
and approach the zenith ; the rays, by the effect of perspective, 
would be gradually shortened ; the thickness of the arc, which 
presented then the appearance of a large zone of parallel rays, 
would be estimated ; then the vertex of the bow would reach the 
magnetic zenith, or the point to which the south pole of the 
dipping needle is directed. At that moment the rays would be 
seen in the direction of their feet. If they were coloured, they 
would appear as a large red band, through which the green tints 
of their superior parts could be distinguished : and if the wave of 
light above mentioned passed along them, their feet would form a 
a long sinuous undulating zone ; while, throughout all these 
changes, the rays would never suffer auy oscillation in the direc- 
tion of their axis, and would constantly preserve their mutual 
parallelisms. 

While these appearances are manifested, new hows are formed, 
either commencing in the same diffuse manner, or with vivid and 
ready-formed rays : they succeed each other, passing through 
nearly the same phases, and arrange themselves at certain 
distances from each other. As many as nine have been counted, 
having their ends supported on the earth, and, in their arrange- 
ment, resembling the short curtains suspended one behind the 
other over the scene of a theatre, and intended to represent the 
sky. Sometimes the intervals between these bows diminish, and 
two or more of them close upon each other, forming one large zone, 
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traversing tlie heavens, and disappearing towards the south, 
becoming rapidly feeble after passing the zenith. But sometimes, 
also, when this zone extends over the summit of the firmament 
from east to west, the mass of rays appears suddenly to come from 
the south, and to form with those from the north the real boreal 
corona, all the rays of which converge? to tin? zenith. This 
appearance of a crown, therefore, is doubtless the mere effect of 
perspective ; and an observer, placed at the same instant at a 
certain distance to the north or to the south, would perceive only 
an arc. 

The total zone, measuring less in the direction north and south 
than in the direction cast and west, since it often leans upon the 
earth, the corona would be expected to have an elliptical form ; 
hut that does not always happen: it has been seen circular, the 
unequal rays not extending to a greater distance than from eight 
to twelve degrees from the zenith, while at other times they reach 
the horizon. 

Let it, then, be imagined, that all these vivid rays of light 
issue forth with gplcndour, subject to continual and sudden 
variations in their length and brightness ; that tin se beautiful 
red and green tints colour them at intervals ; that waves of light 
undulate over them ; that currents of light succeed each other : 
and, in line, that the vast firmament presents one immense and 
magnificent dome of light, reposing on the snow-covered base 
supplied by the ground — which itself serves as a dazzling frame 
for a sea, calm and black as a pitchy lake — and some idea, though 
an imperfect one, may be obtained of the splendid spectacle which 
‘presents itself to him who witnesses the aurora from the Buy 
of Alten. 

The corona, when it is formed, only lasts for some minutes : 
it sometimes forms suddenly, without any previous how. There 
are rarely more than two on the same night ; and many of the 
auroras are attended with no crown at all. 

The corona becomes gradually faint, the whole phenomenon 
being to the south of the zenith, forming bows gradually paler, 
and generally disappearing before they reach the southern 
horizon. All this most commonly takes place in the first half of 
the night, after which the aurora appears to have lost its intensity : 
the pencils of rays, the bands, and the fragments of bows appear 
and disappear at intervals ; then the rays become more and more 
diffused, and ultimately merge into the vague and feeble light 
which is spread over the heavens, grouped like little clouds, and 
designated by the name of auroral plates ( plaques aurorales ). 
Their milky light frequently undergoes striking changes in its 
brightness, like motions of dilatation and contraction, which are 
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propagated reciprocally between the centre and the circumference, 
like those which are observed in marine animals called Medusae. 
The phenomena become gradually more faint, and generally 
disappear altogether on the appearance of twilight. Sometimes, 
however, the aurora continues after the commencement of day- 
break, when the light is so strong that a printed book may be 
read. It then disappears, sometimes suddenly ; but it often 
happens that, as the daylight augments, the aurora becomes 
gradually vague and undefined, takes a whitish colour, and is 
ultimately so mingled witli the eirrho-stratus clouds, that it is 
impossible to distinguish it from them. 

Some of the appearances here described are represented in figs. 
4, 5, 6, 7, copied from the memoir of M. Lottin. 


Fig. C. 




The height of the auroras has not certainly been ascertained ; 
but as they are atmospheric phenomena, and scarcely above the 
region of the clouds, and as they certainly partake of the diurnal 
motion of the earth, it does not seem probable that their elevation 
in any case can exceed a few miles. 
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CHAPTER I. 

Prospects of improvement in motive power l>y the application of 
electricity. — 2. Example of its practical application in the workshop 
of Mons. Froment, mathematical instrument maker in Paris. — 3. 
Mention of it in Catalogue of the Great Exhibition in Hyde Park. 
— 4. Property of electro-magnets. — /). Alternate transmission and 
suspension of the current. — 6. How this produces a moving power. 
— 7. Voltaic piles used by Mons. Froment. — 8. Forms of his electro- 
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motive machines. — 9. Details of their construction. — 10. Regulator 
applied to them. — 11. Their application to divide the limbs of philo- 
sophical instruments. — 12. Their wonderful self-acting i>ower. — 13. 
Application of electro-motive power to the telegraph by Mons. 
Froment. — 14. Microscopic writing. — 15. Electric clocks. 

1 . Among those who have devoted their thoughts to the applica- 
tion of the principles of physical science to the industrial arts, an 
anticipation more or less sanguine has long been entertained that 
the day is not far distant when the mighty power of steam, which 
has exercised, and still continues to exercise, so great an influ- 
ence upon the well-being of the human race and the progress of 
civilisation, will be superseded by other far more efficient 
mechanical agents. Science already directs her finger at sources 
of inexhaustible power in the phenomena of electricity and mag- 
netism. The alternate decomposition and recomposition of water, 
by electric action, has too close an analogy to the alternate pro- 
cesses of vaporisation and condensation, not to occur at once to 
every mind : the development of the gases from solid matter by 
the operation of the chemical affinities, and their subsequent 
condensation into the liquid form, has already been essayed as a 
source of power. In a word, the general state of physical science 
at the present moment, the vigour, activity, and sagacity with 
which researches in it are prosecuted in every civilised country, 
the increasing consideration in which scientific men are held, and 
the personal honours and rewards which begin to be conferred 
upon them, all justify the expectation that we are on the eve of 
mechanical discoveries still greater than any which have yet 
appeared ; that the steam engine itself, with its gigantic powers, 
will dwindlo into insignificance in comparison with the energies 
of nature which are still to be revealed ; and that the day will 
come when that machine, which is now extending the blessings 
of civilisation to the most remote skirts of the globe, will cease to 
have existence except in the page of history. 

2. It is not, however, generally known, that there exists in Paris 
an establishment for the fabrication of philosophical instruments, 
or rather of that class of those instruments which in that country 
are distinguished as instruments of precision, in which elec- 
tro-magnetism is and has been for several years back applied 
with complete success, as a moving power on a considerable 
scale. 

3. In the Crystal Palace in Hyde Park, a small modest-looking 
stall furnished with theodolites and some models of electro- 
magnetic apparatus might have been seen, bearing the inscription 
of Gustave Froment ; and in the Great Illustrated and com- 
mentated Catalogue there appeared the three following lines : — 
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“Gustave Fboment — 6 rue Menilmontant , Paris. 

“ Scientific Instruments. Theodolite ; and various models of 
•electro-motive power.” 

Assuredly brevity could no further go. Never was presented 
a more conspicuous example of modest reserve on the part of 
artistic genius the most exalted. No effort seems to have been 
thought of by the exhibitor, even to call the attention of the com- 
mentators of the catalogue, to the claims of these productions of 
the highest scientific art ; for, while comment and panegyric have 
been liberally, not to say profusely, accorded to exhibitors, who, 
whatever may have been tbeir merits, presented claims immea- 
surably below him whose illustrious labours we are about to 
notice, not a single word of comment drew the attention of the 
general public to objects, the fabrication of which would have 
presented the highest attractions, even to the most idle and 
incurious of the loungers of the Crystal Palace. 

Happily for the cause of science and art, and for that of justice, 
the same neglect did not prevail among the eminent persons to 
whom the distribution of honours was entrusted. They discerned 
•and appreciated the titles of M. Froment, and most justly accorded 
him, by an unanimous vote, a council medal. The authorities of 
his own country added to this the decoration of the Legion of 
Honour. 

If M. Froment were as ambitious of personal eclat as of the 
attainment of perfection in his workmanship, he would have trans- 
ported to the Crystal Palace a part of the beautiful machinery of 
his Parisian workshop, and would have exhibited, not his theodolite 
alone, but the process of its fabrication. Had he done this (and 
he might have accomplished it without difficulty), his station in 
the Great Exhibition as an object of attraction would have* 
rivalled even the Koh-i-noor. 

The inventions and improvements of M. Froment, in the con- 
struction of instruments of precision, and of scientific apparatus 
generally, can nowhere be so advantageously seen and appreciated 
as in his own workshop in Paris. There may be seen not only the 
finished instruments and machines, but their practical application 
in the construction of each other ! There may be seen electro- 
magnetism applied on a large scale, as a permanent and regular 
moving power, in the fabrication of mathematical and optical 
instruments. 

The electro-motive machines of M. Froment, which are very 
various in form, magnitude, and power, derive, nevertheless, their 
motive force from one common principle, which is the same that 
has been applied in certain forms of electro-magnetic telegraph. 

4. The property of the electro-magnet has been already so fully 
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explained in our Tract upon the “ Electric Telegraph,” page 196, 
that it will be sufficient briefly to recapitulate the general physical 
principles from which this property arises. 

If a voltaic current be conducted spirally round a rod of soft 
iron, the iron will become magnetic, and will continue magnetic 
so long as the current passes round it. Its acquisition of the 
magnetic virtue is simultaneous with the transmission of the 
current. It is not gradual but instantaneous. The very instant 
the current is transmitted, the magnetic virtue is imparted to the 
iron, and does not afterwards increase in intensity. 

The loss of the magnetic virtue, upon the suspension of the 
current, is equally instantaneous and complete. The very instant 
the current is discontinued, the iron ceases to be magnetic. 

The subtlety of the electric fluid, and the celerity of its pro- 
pagation, are such that it is capable of being transmitted and 
suspended instantaneously, and, however short the interval may 
be between the instants of its transmission and suspension, it will, 
during that interval nevertheless, impart to the iron the magnetic 
property. So true is this, that it is practically found that the 
current may be alternately transmitted and suspended hundreds 
or even thousands of time in a single second, and in these short 
intervals the iron will alternately acquire and lose the magnetic 
virtue. 

The manner in which the voltaic current is transmitted spirally 
round the iron bar is as follows : — The wire upon which the current 
is transmitted is wrapped with silk dr 
cotton thread, which being a non-con- 
ductor of electricity, will prevent the 
lateral escape of the fluid, which will 
therefore pass along the -wire within the 
coating of thread as water or air would 
pass along a tube. The wire thus covered 
is coiled spirally round the bar of soft 
- iron, which may or may not be bent into 
the horse-shoe form, as shown in flg. 1. 
One end of the wire being put in connection 
with the positive, and the other with the negative pole of the voltaic 
battery ; the current will be transmitted upon it, and will be pre- 
vented from passing from one coil of the wire to the contiguous 
one, by the interposition of the silk or cotton thread. So long as 
the current is thus continued, the iron, whatever be its form, will 
be magnetic, one end having the properties of the north and the 
other of the south magnetic pole. 

5. By an expedient to which an infinite variety of forms may 
be given, the current can be alternately transmitted and suspended 
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with any desired degree of rapidity; and, by varying the power of 
the battery, the number of coils of the spiral wire, and the mag- 
nitude of the iron bar, a magnetic force of any desired intensity 
can be produced. 

A piece of iron, called an armature, is presented to one or both 
of the poles of the magnet towards which it is attracted, while the 
current is transmitted with a force proportionate to the intensity of 
the magnetism ; and when the current is suspended, the armature 
either falls from the magnet by its own weight, or is withdrawn 
from it by the action of a spring, or other mechanical expedient, 
provided for the purpose. 

The armature may be placed between two magnets, which are 
alternately acted upon by the electric current, which is trans- 
mitted round each in the intervals of its suspension round the 
other. The armature will then be moved alternately to and fro 
between the two magnets. 

6. In this manner, by alternately suspending and transmitting 
the current on the wire which is coiled round the electromagnet, 
the magnet and its armature receive an alternate motion to and 
from each other, similar to that of the piston of a steam-engine, 
or the foot of a person who works the treddle of a lathe. This 
alternate motion is made to produce one of continued rotation by 
the same mechanical expedients as are used in the application of 
any other moving power. 

The force with which the electro-magnet and its armature 
attract each other, determines the power of the electro -motive 
machine, just as the pressure of steam on the piston determines 
the power of a steam-engine. This force depends on the nature 
and magnitude of the galvanic pile which is employed. 

7. The pile used by M. Froment for the lighter sort of work, 
such as that of driving his engines for dividing the limbs of 
astronomical and surveying instruments, and microscopic scales, 
is that of Daniel, consisting of about twenty-four pairs. Simple 
arrangements are made by means of commutators, reometers, and 
reotropes, for modifying the current indefinitely in quantity, 
intensity, and direction. By merely turning an index or lever in 
one direction or another, any desired number of pairs may be 
brought into operation, so that a battery of greater or less inten- 
sity may be instantly made to act, subject to the major limit of 
the number of pairs provided, By another adjustment, the copper 
elements of two or more pairs, and at the same time their zinc 
elements, may be thrown into connection, and thus the whole pile, 
or any portion of it, may be made to act as a single pair, of 
enlarged surface. By another adjustment, the direction of the 
current can be reversed at pleasure. Other adjustments, equally 
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simple and effective, are provided, by which the current can be 
turned on any particular machine, or directed into any room in 
which it may be required. 

The pile used for heavier work, is a modification of Bunsen’s- 
charcoal battery, in which dilute sulphuric acid is used in the 
porous porcelain cell containing the charcoal, as well as in the cell 
containing the zinc. 15y this expedient the noxious fumes of the 
nitric acid are removed, and although the strength of the battery 
is diminished, sufficient power remains for the purposes to which 
it is applied. 

8. The forms of electro -motive machines constructed by M. 
Froment arc very various. In some the magnet is fixed, and the 
armature moveable ; in some both are moveable. 

In some there is a single magnet and a single armature. The 
power is in this case intermittent, like that of a single-acting 
steam-engine, or that of the foot in working the treddle of a lathe, 
and the continuance of the action is maintained in the same manner 
by the ii^rtia of a fly-wheel. 

In other cases two electro-magnets and two armatures are com- 
bined, and the current is so regulated, that it is established on 
each during the intervals of its suspension on the other. This 
machine is analogous in its operation to the double-acting steam- 
engine, the operation of the power being continuous. The force 
of these machines may be augmented indefinitely, by combining 
the action of two or more pairs of magnets. 

Another variety of the application of this moving principle, 
presents an analogy to the rotatory steam-engine. Electro- 
magnets are fixed at equal distances round a wheel, to the 
circumference of which the armatures arc attached at corre- 
sponding intervals. In this case the intervals of action and 
intermission of the currents are so regulated * that the magnets 
attract the armatures obliquely as the latter approach them, the 
current, and consequently the attraction, being suspended the 
moment contact takes place. The effect of this is, that all the 
magnets exercise forces which tend to turn the wheel on which 
the armatures are fixed constantly in the same direction, and the 
force with which it is turned is equal to the sum of the forces of 
all the electro-magnets which act simultaneously. 

This rotatory electro-motive machine is infinitely varied, not 
only in its magnitude and proportions, but in its form. Thus in 
some the axle is horizontal, and the wheel revolves in a vertical 
plane ; in others the axle is vertical, and the wheel revolves in a 
horizontal plane. In some the electro-magnets are fixed, and the 
armatures moveable with the wheel ; in others both are moveable. 
In some the axle of the wheel which carries the armatures is itself 
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moveable, being fixed upon a crank or eccentric. In this case the 
wheel revolves within another, whose diameter exceeds its own 
by twice the length of the crank, and within this circle it has an 
hypocycloidal motion. 

Each of these varieties of the application of this power, as yet 
novel in the practical operations of the engineer and manufacturer, 
possesses peculiar advantages or convenience, which render it more 
eligible for special purposes. 

9. Electro-motive machines . — To render this general descrip- 
tion of M. Froment’s electro-motive machines more clearly under- 
stood, we shall add a detailed explanation of two of the most 
efficient and useful of them. 

In the machine represented in fig. 2, a and h are the two legs 
of the electro-magnet ; c d is the transverse piece uniting them, 
which replaces the bend of the horse-shoe ; ef is the armature 
confined by two pins on the summit of the leg a (which prevent 
any lateral deviation), the end / being jointed to the lever g A, 
which is connected with a short arm projecting from an axis k by 
the rod i. When the current passes round the electro-magnet, 
the lever f is drawn down by the attraction of the leg 6, and 
draws with it the lever g h 9 by which i and the short lever pro- 
jecting from the axis k are also driven down. Attached to the 
same axis k is a longer arm m, which acts by a connecting rod n 
upon a crank o and a fly-wheel v. When the machine is in 
motion, the lever g h and the armature / attached to it recover 
their position by the momentum of the fly-wheel, after having 
been attracted downwards. When the current is again esta- 
blished, the armature / and the lever g h are again attracted 
downwards, and the same effects ensue. Thus, during each half- 
revolution of the crank o, it is driven by the force of the electro- 
magnet acting on /, and during the other half-revolution it is 
carried round by the momentum of the fly-wheel. The current 
is suspended at the moment the crank o arrives at the lowest 
point of its play, and is re-established when it returns to the 
highest point. The crank is therefore impelled by the force of 
the magnet in the descending half of its revolu- 
tion, and by the momentum of the fly-wheel in the 
ascending half. 

The contrivance called a distributor , by which the 
current is alternately established and suspended at 
the proper moments, is represented in fig. 3, where 
y represents the transverse section of the axis of 
the fly-wheel ; r, a spring which is kept in con- 
stant contact with it; x, an eccentric fixed on the same axis 
y , and revolving with it and r' another spring similar to r, 
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which is acted upon by the eccentric, and is thus allowed to 
press against the axis y during half the revolution, and removed 
from contact with it during the other half-revolution. AVhen 
the spring r' presses on the axis y the current is established ; 
and when it is removed from it the current is suspended. 

It is evident that the action of this machine upon the lever 
attached to the axis k is exactly similar to that of the foot on the 
treddle of a lathe or a spinning- wheel ; and as in these cases, the 
impelling force being intermittent, the action is unequal, the 
velocity being greater during the descending motion of the crank o 
than during its ascending motion. Although the inertia of the 
fiy-wheel diminishes this inequality by absorbing a part of the 
moving power in the descending motion, and restoring it to the 
crank in the ascending motion, it cannot altogether efface it. 

Another electro-motive machine of M. Froment is represented 
in elevation in tig. 4, and in plan in fig. 5. This machine has the 
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advantage of producing a perfectly regular motion of rotation, 
which it retains for several hours without sensible change. 

A drum, which revolves on a vertical axis x y , carries on its 
circumference eight bars of soft iron a placed at equal distances 
asunder. These bars are attracted laterally, and always in the 
same direction, by the intermitting action of six electro-magnets 
b f mounted in a strong hexagonal frame of cast-iron, within 
which the drum revolves. The intervals of action and suspension 
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soft iron a is approaching; it, and it is suspended at the moment 
the bar begins to depart from it. Thus the attraction accelerates 
the motion of the drum upon the approach of the piece a towards 
the magnet b , and ceases to act when the piece a arrives in front 
of b. The action of each of the six impelling forces upon each of the 
eight bars of soft iron attached to the drum is thus intermitting. 
During each revolution of the drum, each of the eight bars a 
receives six impulses, and therefore the drum itself receives forty- 
eight impulses. If we suppose the drum to make one revolution 
in four seconds, it will therefore receive a succession of impulses 
at intervals of the twelfth part of a second, which is prac- 
tically equivalent to a continuous force. 

The intervals of intermission of the current are regulated by 
a simple and ingenious apparatus. A metallic disc c is fixed upon 
the axis of rotation. Its surface consists of sixteen equal divisions, 
the alternate divisions being coated with non-conducting matter 
A metallic roller A, which carries the current, presses constantly 
on the surface of this disc, to which it imparts the current. Three 
other metallic rollers c, /, g press against the edge of the disc, and, 
as the disc revolves, come alternately into contact with the con- 
ducting and non-conducting divisions of it. When they touch 
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tlie conducting divisions, the current is transmitted ; when they 
touch the non-conducting divisions, the current is interrupted. 

Each of these three rollers e, /, g is connected by a conducting 
wire with the conducting wires of two electro-magnets diame- 
trically opposed, as is indicated in fig. 5, so that the current is 
thus alternately established and suspended on the several electro- 
magnets, as the conducting and non-conducting divisions of the 
disc pass the rollers e, f 9 and g. 

10. M. Froment has adapted a regulator to this machine, which 
plays the part of the governor of the steam-engine, moderating 
the force when the action of the pile becomes too strong, and 
augmenting it when it becomes too feeble. 

A divided circle in n , fig. 4, has been annexed to the machine 
at the suggestion of M. Pouillet, by which various important 
physical experiments may be performed. 

11. Of all the purposes to which this moving power is applied 
in the workshop of M. Froment, the most beautiful is that of 
making the divisions on the limbs and scales of astronomical and 
geodesical instruments, and of instruments of precision in general. 
The machines by which such divisions are engraved are automatic, 
each receiving its motion from an electro-motive machine of 
proportionate power and magnitude. 

The limb to be divided is fixed upon a horizontal table, which 
receives a slow and intermitting progressive motion from a fine 
screw. This screw itself is urged at intervals by a ratchet-wheel. 
The catch or click by which this ratchet-wheel is driven, can be 
so adjusted as to take one, two, or several teeth at each stroke, 
and therefore to move the table carrying the limb through a 
greater or less space, according to the magnitude of the divisions 
to be engraved upon the scale. Over the limb to be engraved is 
placed the point or edge by which the incision is produced, which 
is cither hardened steel or diamond. During the progressive 
motion of the table carrying the limb, this cutter is elevated, so as 
not to touch it. In the intervals during which the motion of the 
table is suspended, the cutter descends upon the limb, and, being 
pressed upon it with sufficient force, is drawn upon ik in a 
direction at right angles to the motion of the table, thus engraving 
upon it the line which marks the division. Thus the motions of 
the limb and the cutter are alternate, each being in action while 
the other is at rest. The cutter is fixed upon an arbor which 
derives its motion from the same crank which works the ratchet, 
bitf; its connection is arranged so as to give them the alternate 
action just mentioned. 

By an arrangement provided in this arbor, a more extended 
motion is imparted to the cutter at every tenth stroke of the 
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ratchet, the effect of which is, that every tenth division made 
upon the limb by the cutter is distinguished by a longer line than 
the intermediate divisions. 

In some cases both the motions above described are imparted to 
the cutter, the limb upon which the divisions are engraved being 
kept at rest. The cutter is, in that case, alternately impressed 
with two motions, one which transfers it from division to division 
while it is raised from the limb, and the other in a direction at 
right angles to this, while it is pressed upon the limb, and makes 
the incision which marks the division. 

These dividing instruments vary in form and magnitude accord- 
ing to the purposes to which they are applied. 

Those which are used for engraving the divisions on the circular 
limbs of theodolites and other instruments of the larger class, 
consist of a circular metallic table of solid construction and suit- 
able magnitude, to which a motion round its centre in its own 
plane is imparted by means of a linely-constructed worm, which 
works in teeth formed on the edge of the circular table itself. 
Means are provided by which the circular limb be divided can 
be fixed upon this table, so as to be exactly concentric with it, 
and to be moved with it. The cutter is fixed so as to slide upon 
a rod -which is extended over this table and parallel to it. The 
cutter can, by this arrangement, be adjusted at any required dis- 
tance from the centre of the table, so as to correspond to a circular 
limb of any magnitude not exceeding that of the table. 

In the process of engraving the divisions, the worm and the 
cutter are moved alternately by self-acting mechanism, deriving 
its motion from the electro-motive machine by which all the 
apparatus of the workshop is driven. The worm is so adjusted, 
that by each action on the table, the limb to be engraved is 
moved under the cutter (which is then elevated so as not to act 
upon it), through a space equal to the interval between the 
divisions. The worm then stops, and the limb being at rest, the 
cutter descends upon it, and is drawn through a space equal to 
the length of the line to be engraved, and the division is accord- 
ingly marked upon the limb. The cutter is then again elevated, 
and the limb again moved under it by the worm, and so on. 

In this case the divisions which mark degrees are distinguished 
from the intermediate minutes by larger lines, mechanical arrange- 
ments being provided in the wheelwork by which the motion of 
the cutter is thus affected. 

12. All these machines are self-acting. The limb or scale to be 
divided being once placed on the table of the dividing engine, no 
further interference of the human hand is needed. The machine 
of itself begins its work at an appointed hour, minute, and 
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second, and when the last division of the scale has been engraved, 
it not only suspends its own action, but stops that of the electro- 
magnetic machine by which it is impelled. These automatic 
arrangements must not be regarded as mere mechanical super- 
fluities, upon which the boundless fertility of invention which 
characterises the genius of M. Froment has been lavished ; they 
are of great practical value and importance. It happens, for 
example, that in these delicate operations, the tremor of the 
ground on which the workshop stands, produced by the movement 
of vehicles of transport in the adjoining streets, affects in a 
sensible degree the motion of the cutting point. It is therefore 
always preferable to execute the most delicate work in the dead 
of the night. Now, by the automatic contiivances above men- 
tioned, this can be accomplished without imposing on the super- 
intendent the necessity of watching. A clock, provided with an 
apparatus similar in principle to a common alarum, is put in 
mechanical connection with the dividing machine, and is set so as 
to start the machine at any desired hour. This being done, and 
the limb to be divided being fixed upon the table under the 
cutter, the apparatus maybe left to itself; the superintendent 
may retire to rest, and at the hour of the night which has been 
selected, the electro-motive machine will be started by the clock, 
and the ^dividing engine will commence, continue, and complete 
its workj with the most admirable certainty and precision, and, 
when completed, the electro-motive machine will be stopped, and 
all reduced to rest. 

The magnitude of the dividing engine for microscopic scales, is 
about 8 inches long by G inches wide, and 4 inches high. The 
magnitude of the electro-motive engine necessary to drive it, 
is not more than 4 inches square in its base, and 3 inches 
high. 

It is scarcely necessary to observe, that the more minute class 
of these scales can only be seen by the aid of a microscope of high 
magnifying power. This will be easily understood when it is 
considered that, in a space measuring a tenth of an inch in 
length, there are in the more minute scales, 2500 divisions. Such 
is, nevertheless, the precision of the execution, that when looked 
at with a sufficiently high magnifying power, the lines exhibit the 
most perfect evenness and regularity. 

13. Among the inventions of M. Froment, which may be also 
seen in operation in his establishment, are two electric telegraphs, 
one of which transmits its messages by enabling an operator at 
one station to direct an index, which moves upon a dial-plate, to 
any desired letter of the alphabet, those letters being engraved 
around the dial like the hour-mark upon a clock or watch. The 
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transmitting agent has before him a row of keys, liko those of a 
piano-forte (fig. 6), upon which the letters of the alphabet are 



Fig. <>. — F rom cut’s Alphabetic! Tele^n.ph. 


engraved. When he presses down the key upon which any letter 
is inscribed, the index of the dial at the distant station with 
which he is in communication turns, and stops when it points at 
the same letter. In this way, by indicating the successive letters 
of the words composing the message, the despatch is transmitted. 

The mechanism by wliich this is accomplished, is fully described 
in our Tract on the “ Electric Telegraph,” par. 205. 

Another form of electric telegraph (fig. 7), wdiich writes the 
message it transmits, may also be seen in operation in M. Froment’s 
workshop. 

The message is transmitted in this instrument by pressing 
down a key successively by the linger, the key being held down a 
longer or shorter time, in the same manner as a pianist would 
play notes of greater or less length. Yarying marks of corre- 
sponding lengths are made upon paper by a pencil at the distant 
station, the paper being moved under the pencil by suitable 
mechanism. For a description of this telegraph sec also^ our 
Tract on the “Electric Telegraph,” par. 207. 

14. Another of the results of the mechanical ingenuity of this 
artist, wliich may be seen at his workshop, wdiich if not the most 
useful is assuredly the most astonishing, and to manv] the most 
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incomprehensible, is his microscopic writing, which has been 
already noticed in our Tract on Microscopic Drawing and 



Fig. 7. — From cut’s Writing Telegraph. 


Engraving. We will here reproduce from that article a specimen 
of this miraculous performance. Eig. 8, written in the Crystal 
Palace, in 1851, within a circular space, having the diameter 
of the 30th of an inch. 

The details of the method by which this microscopic writing is 
executed have not yet been made public, but we believe the 
inventor is preparing a memoir o:i the subject, to be presented to 
the Academy of Sciences. 

15. This brief notice of the application of electro-motive power 
must not be concluded without mentioning it s remarkable appli - 
cation to chronometers, examples of which may he seen in many 
parts of this country, one of which is presented daily and nightly 
in the Strand, near the Electric Telegraph Office. 

The general principle of this beautiful application of physical 
science to the economy of life is easily explained. 

The hand of a clock or watch moves not uniformly, but by a 
succession of starts, as may be plainly seen in the case of a 
seconds’ hand of a watch or clock. The same intermitting motion 
affects the minute and hour hands, hut their movement from 
second to second is so minute that it is imperceptible to the eye. 

Now, from what has been already explained, it will be evident 
that a similar intermitting motion can be imparted to the contact 
piece of an electro-magnet by the alternate transmission and 
suspension of the current. If, therefore, by any means the electric 
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current can be transmitted and suspended alternately withTchro- 
nometric regularity, so that, for example, the interval of its 



Fig. A\ I'carancc as seen in flic field of the Microscope the outer circle being only 
1-oOth ul‘ an inch in diameter. 

transmission and suspension shall be exactly one second of time, 
then the motion to and fro of the contact piece will also be per- 
formed with the same chronometric regularity, in intervals of one 
second. It is evident, therefore, that if such a contact piece, so 
moving, be put in connection with a properly constructed frame of 
wheel-work, it may be used to impart motion to the hands of a 
timepiece. 

It appears also that the same regularly intermitting current 
may be transmitted to any number of timepieces, at any distance 
whatever from each other, by means of conducting wires similar 
to those of the electric telegraph ; and since the length of sncli 
intermediate wires does not affect their power of transmission, it 
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follows that the same current can simultaneously impart a perfectly 
regular chronometric motion, to all the clocks dispersed oyer a 
large country. 

It remains only to show how the regularity of the intermission 
of the current can be obtained. This is accomplished by the 
obvious expedient of putting the commutator, by the motion of 
which the current is alternately transmitted and interrupted, in 
connection with a well-regulated chronometer, the pendulum of 
which shall, in that case, itself alternately transmit and suspend 
the current. 

Among the numerous applications of electric power to be seen 
in the workshops of M. Froment, are a series of electric clocks 
constructed nearly upon the principle above described. The 
motion of each clock is in this case maintained by a small weight, 
which is alternately raised and lowered upon an appendage of the 
pendulum by means of an iron counterweight, which is itself 
alternately raised and disengaged by an electro-magnet, each 
time that the appendage, by its contact with the weight, opens and 
closes the voltaic circuit, or, what is the same, transmits and 
suspends the current. 

The motion of the clock is maintained by a constant weight, 
without friction and without the application of oil, with great 
regularity, while the electric current, which is transmitted 
through it in the intervals of each oscillation, transmits to a 
distance the chronological indications upon a series of dials, the 
hands of which are moved by a mechanism, analogous to that 
which moves the index of an electric telegraph of the kind used 
on the continental railways. 
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Aberration of lenses, ix. 9. 
Achromatic object lenses, ix. 9. 
Admiralty steam experiments, x. IGA 
Africa, ix. 155 ; its climatological 
zones, ix. 142 ; the Tell and the 
Sahara, ix. 143. 

Air and earth, effects of their con- 
tact, ix. 183. 

Alecto steamer, experiments on, x. 
1G3. 

Alleghanies, ix. 153. 

Alps, ix. 187. 

Amazons, ix. 1G2; tributaries of, ix. 
1G3. 


Atlantic steamers, 116; steam na- 
vigation, its history, x. 117. 

Atmospheric electricity x. 177. 

A urora borealis, x . 187-9. 

Australia, its territory and physical 
features, its climate, vegetable pro- 
ductions, indigenousanimals, mine- 
rals, gold, aboriginal tribes, ix. 
148-9. 

Auxiliary steam power, x. 121. 

Az<>tf, sea of, ix. 142. 

Basin of water, experiments with, 
ix. 196. 


Andes of Patagonia, Chili, ix. 152 ; Bee, its senses, x. 87 ; its memory, x. 


of Bolivia and Peru, ib. ; vege- 
tation of, ix. 179-80. 

Angular aperture of lens, effects of, j 
capable, greatest of which a lens is | 

ix. 11 ; ix. 13. ; 

Angular magnitude, visual estimate j 

of, ix. (51. | 

Ant, error in Prior’s allusion to its \ 
foresight, ix. 205 ; allusions to in 
the Proverbs, ix. 20G. 

Antarctic drift current, its equatorial : 
course, ix. 190-1. 

Antenna 1 , their use, x. 90. ■ 

Anthidium inanicatum, x. 19-20. I 
Apiarian researches, antiquity of, . 

x. 2. ; 

Agriculture, x. 97. 

Archipelago, ix. 141. 

Arctic circles and frigid zones, ix. 
173. 

Aristomachus, x. 3. 

Aristotle, x. 3. 

Arrogant steamer, engines of, x. 1(59. 
Artificial light, ix. 46. i 

Asia, its plateaux, its physical cha- ' 
racter, ix. 146-7. S 


88 : their wars and battles, x. i 11 ; 
their number of daily excursions, 
x. 82 ; their pasturage, x. 83 ; 
their fidelity to their queen, x. (58 ; 
their policy, x. G 1 ; their transfor- 
mations, x. 49 : their magnitude 
and weight, x. 57 ; their maladies, 
x. 108 ; tlieir neatness, x. 88 ; 
expedient for keeping their nests 
warm, x. 20 ; their enemies, x. 
84 ; their mean." of defence, x. 
85; their personal antipathies, x. 
90 ; pap for their young, x. 42-8 ; 
food adapted to age, x. 43 ; trans- 
formation, x. 43-4 ; remarkable 
care of the nurses, x. 4G ; crocs 
alleys connecting their streets, x. 
■17 ; tirst laying of the queen in 
spring, ib. ; queen’s rova] suite, 
x. 48 ; ( j u eens eggs, ib. ; cor- 
rection of their mistakes in work- 
ing, x. 37 ; dimensions of their 
tirst wall, ib. ; operations ot 
the nurses, ib. ; bases of their 
cells, x. 38 ; their completion of 
pyramid at bases, ib. ; pvraiui- 
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dal partitions in their cells, ib. ; 
the formation of their cells, x. 39 ; 
arrangement of combs, ib. ; sides 
of the same not parallel, x. 39-40 ; 
labour of, successive, x. 41 ; di- 
mensions of their cells, ib. ; 
number of the same, x. 42 ; bread, 
ib. ; its sting, x. 14 ; its organs 
of fecundation and reproduction, 
ib. ; number of eggs produced 
by the queen, x. lb; test of its 
social condition, x. IS; individual 
and collective habits, x. 19; soli- 
tary, ib. ; structure of their 
nests, x. 29 ; situation of the same, 
x. 19 ; its structure and mem hers, 
x. 10 ; use of its proboscis, ib. ; 
structure of its tongue, tb. ; its 
honey bag, x. 12 ; architecture, x, 
IS. ; houses, their forms, x. 98; its 
stomach, x. 12 ; its antenna*, ib. ; 
its wings, ib. ; legs ib. ; feet, x. 
13 ; varieties of, x. 6 ; wax-makers 
produce honey, x. 35; characteris- 
tics and habits of worker- bees, x. 
77 ; first operations of wax- makers, 
x. 35 ; kneading of wax, x. .‘St? ; 
first construction of hive-wall, ib. 

Beetle, blind as, error of the phrase, 
ix. 203. 

Brine pumps for marine engines, x. 
141. 

B omens, See Iluber. 

Black Sea, ix. 142. 

Briti sh I ndia — Deckan-plateau, i \ . 

140-7. 


Chevalier's universal microscope, ix. 
72. 

Chippewayan and Rocky Mountains, 
ix. 151. 

Climate, its dependence on latitude, 
ix. 105 ; explained by the varying 
positions of the earth, ib. ; deter- 
mines the distribution of plants and 
animals, ix. 179; dependent on ele- 
vation, ix. 178 ; local character of, 
ix. 181. 

Clouds, effects of, ix. 182 ; their 

| electricity, x. 180; their induc- 
tive action on the earth, x. 183. 

Coo ions, temperature of, how main- 
tained, x. 45. 

Compressor, ix. 40. 

Condition, social, of a people indicated 
by their buildings, x. 18. 

Conductors for the protection of 
buildings, x. 1S4. 

Continents, average height of, ix. 18S. 

Cordilleras, ix. 152. 

Corrosion of marine boilers, x. 143. 

Clothier bee, a. 20-1. 

Clyde, steamers on, x. 114. 

Cricket, Sliakspearo’s allusion to, ix. 
202 . 

Crustaeeous animalculne, ix. 93. 

(hi nard steamers, x. 119. 

Current, voltaic, apparatus for apply- 

i ing, ix. 41. 

j Cyclops minutus, ix. 20. 

i 

! Dardanelles and Bosphorus, ix. 
141-2. 


British Isles, ix. 140. 

Camera lucida, measurement by, ix. 
50. 

Campbell’s Pleasures of Hope, lines 
from, ix. 204. 

Carpenter bee, x. 21. 

Caribbean Sea, ix. 151. 

Caspian Sea, ix. 142. 

Cells of honeycomb, x. 55 ; of bees, 
royal and nymph, x. 53. 

Centering of lenses, ix. 20. 

Central America, ix. 150. 

Chromatic aberration positive, ix. 15 ; 
negative, ib. 

Chemical phenomena, method of adapt- 
ing them to microscopic observation, 
ix. 75. 

2 


Diaphragms, ix. 31. 

Diffraction and interference, effects of, 
ix. 45-6. 

Dog and shadow, optical error in the 
table of, ix. 193-4, 

Dog-days, ix. 169. 

Double refracting crystals, their effect 
upon rays of light, ix. 08. 

Dragon fly and its larva, ix. 89. 

Drone cells and worker cells, x. 33. 

Drone, head of, magnified, x. 11. 

Drones, x. 9, 52 ; their treatmen 
and massacre, x. 75. 

Earth, surface of, ix. 130 ; relie 
of, 180-7 ; position of, on June 21 
ix. 107 ; on December 21, ix. 170 
thermal effects of a uniform surface 
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ix. 183 ; why this regularity does 
not prevail, ib. ; its position at the 
autumnal equinox, ix. 1 68 ; diur- 
nal and nocturnal phenomena hv 
which the different months are 
characterised, ix. 173; illustration 
of its varying position in tiie suc- 
cessive months, ix. 171 -2-3. 

Eastern continent, ix. J57 ; in South 
America, ix. 158. 

Electro-magnets, property of, x. 390 ; 
their application as a moving 
power, x. IN 7. 

Electro-motive power, x. 193. 
Encounter steamer, engines of, x. 109. 
Europe, outlines of, i.\. 110. 

Eye-glass of microscope, ix. 2. 

Eye, protection of, ix. 10-7. 

Eye-piece of microscope, ix. 25. 

Fairhaiiin, his internal gearing, x. 
^ 107. 

Feathering-paddles, objections to, x. 
15G. 

Field of view, actual dimensions of, 

ix. 20. 

Field glass of microscope, ix. 4. 
Florida, peninsula of, ix. 155. 
Flowers propagated by means of bees, 

x. 70. 

Focussing, ix. 27-8, 05. 

France, ix. 140-1. 

Eminent, his electric telegraph, x. 
205 ; his microscopic writing, x. 
207 ; his electric clocks, x. 208 ; 
his workshop in Paris, x. 105. 
Fuel, its economy in marine engines, 
x. 143. 

Fulgurites, x. 183. 

Furnace of marine engines, x. 1 40. 

Geared engines, x. 166. 

Geographical terms, ix. 131-2. 
Geography, preliminary knowledge of, 
ix. 130 ; origin of the name, ix. 
130. 

Geometrical problem of the globe 
solved, x. 31-2. 

Glow-worm, Moore’s allusion to, ix. 
203. 

Goniometers, ix. 58. 

Goring, Dr., experiments of, ix. 13. 
Great Britain Bteamer, emrines of, x. 
169. 


Great eastern continent, ix. 38. 

; Greece, ix. 141. 

; Greenland, ix. 155. 

Gulf of Mexico, ix. 151. 

Gulf stream, ix. 101. 

Hearing of bees, x. 01. 

Ileat evolved in respiration from the 
bee-hive, x. 40. 

Heat received from celestial sunces, 
ix. 381. 

Hebrew scriptures, x. 2. 

Hellenic peninsula, ix. 15G. 

Hemisphere of most land, ix. 15G. 

Hexagonal form, great advantages oi, 
for cells, x. 30. 

Jiymenoplera, x. 5-G. 

Himalayas, animals inhabiting them, 

ix. 181 ; vegetation of, ix. 178-9. 

Ilive-bee, x. 25 ; structure of its 

comb, x. 25-0; double layer oi 
cells, x. 27 ; pyramidal bases of 
their cells, x. 27 ; illustrative 
figures of the same, x. 2-S-O ; sin- 
gle cells, x. 20 : combination of 
the same, x. 20-30 ; various 
forms of their hives, x. 00 ; how 
ventilated by bees, x. 80. 

Honey, its production and varieties, 

x. 100. 

Honeycombs, construction of, x. 34- 
50 ; process of forming the same 
not merely mechanical, x. 40. 

lWse-power, real and nominal, x. 
172. ^ 

Huber, anecdote related by, x. 45, 3 ; 
his servant lhirnens, ib. ; curious 
history of his blindness, ib. ; his 
wife and soil, x. 4 ; pursuit of his 
researches, x. 4-5. 

Humble bees, females of, x. 44 ; their 
nursing workers, ib. ; their trans- 
formation, x. 45. 

Hudson, steamers on the, x. 114. 

Ily drum etric indicator of steam boilers, 
x. 137. 


India, Further, ix. 156. 

Illumination, Prichard’s analysis of 
tlie effects of, ix. 47-S, 50. 

Insects, structure of, x. 5 ; plan of 
their anatomy, x. 5; thrir senses, 
x. 86. 
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.Ioiinston’s physical maps, ix. 185. 


Land and water, distribution of, ix. 
3 30. 

Land, relief of, ix. 132 ; outlines of, 

ix. 1 54. 

Lardner, Dr., bis opinions on the 
Atlantic steam voyage, x. 118. 
Leaf-cutter bees. x. 23 ; their man- 
ner of making tlieir nest, ib. : 
their process of cutting the leaves, 

x. 24. 

Lens, method of determining its 
angular aperture, ix. 13 ; mutual 
chromatic and spherical correction 
<*f, ix. 15. 

Lowenhoeck, experiments by, ix. 51. 
Lieberkulin. uses of, ix. 45. 

Light and shade, varying effects of, 
ix. 44. 

Lightning, its effects, x. 187 ; form 
of its flash, x. 181. 

Linceus spherieus, ix. 92. 

Lott in, liis account of the aurora 
borealis, x. 181). 

Llanos of Orinoco, ix. 153. 

Lureo. or glutton, ix. 93. 


Madagascar, ix. 142-3-4. 

Magnifying-glasses are simple micro- 
scopes, ix. 2. 

Magnifying powers, a term much 
misunderstood, ix. 59 ; various 
ones adapted to the same micro- 
scope, ix. 23. 

Maps and globes in relief, ix. 115. 

Marine engine, x. 125; details of its 
structure, x. 129 ; proportions, x. 
3 48 ; expansive action in, x. 147. 

Marks, Professor, and Dr. McCaul, 
tlieir examination of the true mean- 
ing of the original Hebrew of the 
description of the war-horse in Job, 
ix. 208. 

Mason -bee, x. 21. 

Measurement distinct from magnify- 
ing ]>ower, ix. 50. 

Mediterranean, ix. 139. 

Microscope, origin of term, ix. 2 ; 
simple ones, magnifying-glasses, ix. 
2 ; mounting of, ix. 0*9 ; condi- 
tions of efficient mounting, ix. 70 ; 
4 


Drauenlioffer's mounting — method 
of determining the magnifying 
power by the Camera lucida, ix. 
62 ; double microscope, ix. 86 ; 
Mr. Nachet’s microscope, ix. 85 ; 
Chevalier's method of mounting it, 
ix. 72; of rendering it vertical, ix. 
74 ; binocular, ix. 87 ; Yarlcy’s, 
ix. 85 ; the illuminators, ix. 29 : 
general description of reflecting, ix. 

5 ; condition of distinct vision, ix. 

6 ; different effects of magnifying 
powers, ix. S ; multiple, ix. 85 ; 
triple and quadruple, ix. 87 ; 
Smith and Deck’s, ix. 82 ; general 
description of compound, ix. 2 ; 
iine adjustment, ix. 36 ; course, 
75. ; slides to be cleaned, ix. 40 ; 
their adaptation to chemical and 
medical purposes, ix. 88. 

Micrometers, ix. 53; Le bailiffs, ix. 

54 ; Jackson's, ix. 55. 

Micrometric scales, ix. 51. 

Micro] mlariseope, ix. 05. 

Microscopic objects, method of detor- 
; mining the least which a given 
1 power can render visible, ix. 63 ; 

method of condensing light upon it, 

! ix. 75-6; curious effects of light 
j upon, ix. 42 ; measurement of, ix. 
50-1 ; Doss's glass, ix. 2, 22 ; com- 
pound object, ib. ; preparation of, 
ix. 28 : illumination of, ix. 42 ; 
means of moving and illuminating 
it, ix. 27 ; support and movement 
of, ix. 35; generally translucent 
or may be made so ; ix. 43 ; 
method for determining its relief, 
ix, 37 ; difficulty of bringing it 
into the field, ix. 37 ; mechanism 
for accomplishing this, ix. 38 ; to 
be successively viewed by increasing 
powers, ix. 40. 

Mississippi, source of, ix. 162 ; its 
tributaries, ix. 159 ; great valley 
of, ix. 153. 

Missouri and its tributaries, x. 162. 
Moral suggested by the economy of 
nature, x. 1. 

Moore, scientific errors in his Irish 
Melodies, ix. 197 ; physical impos- 
sibility of what the poet supposes, 
ib. ; “Thus when the lamp that’s 
lighted,” allusion is explained, ix. 
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198 ; u While gazing on the moon’n ] 
light,” sound astronomy, ix. 201 ; j 
allusion to the glow-worm, ix. 
208. ’ ; 

Months, diurnal and nocturnal phe- i 
nomenou hy which they are cha- I 
racterised, ix. 173. I 

Mountain ranges not uniform, ix. j 
185-0 ; new ones possible, ix. 188; 
effect produced by contemplation 
of, ix. 187. 

Mungo Park, anecdote of, x. 110. 

North Amkrtcan Peninsula, ix. 1 51 ; ; 
its extent and limits, — its political 
divisions, ix. 150-1; eastern plain; 
of, ix. 153. 

Northern hemisphere, days longer | 
than nights in, ix. 107. 

Norway and Sweden, ix. 140. 

Nymph of hoe, x. 54 ; of the j 
white ant, ix. 100. 

Ohio, ix. 100. j 

Old and new continents, relation be- 
tween the coasts of, ix. 151. | 

Orinoco, ix. 103 ; Rio do la Plata, ib. j 

i 

i 

Paddle-wheel, common, x. 126, \ 
150 ; feathering, x. 153 ; split, j 
x. 155 ; American, x. 150. ' 

Pampas of Patagonia and Buenos j 
Ayres, ix. 153. | 

Parallel ridges of mountains, effects j 
of, ix. 15i>. 

Peninsula, prevalence of its form, ix. 
154 ; Crimean, South American, | 
North American, Florida, Lower ! 
California, Greenland, Africa, Aus- 
tralia, New Zealand, Spain and 
Portugal, Italy, Hellenic, Norway 
and Sweden, Europe, India, Fur- 
ther India, ix. 154-5-0. 

Fcteroff steamer, its engines, x. 149. 

Philiscus, x. 3. I 

Philosophical instruments graduated 
hy electro-motive power, x. 202. 

Plains and lowlands, ix. 132 ; Plum- 
per steamer, engines of, x. 171. 

Polarised ray, condition of, ix. 60. 

Polarisation, ix. 65 ; hy double re- 
fracting crystals, ix. 67. 


Polynesia, ix. 148. 

Potosi, *ix. 152. 

Prairies, ix. 153-4. 

Primogeniture adopted among bees, 
x. 58. 

Propellers, submerged, x. 157. 

Pritchard, Mr., his method of ascer- 
taining the greatest angle of which 
a given lens is capable, ix. 13 ; las 
analysis of the effects of illumina- 
tion, ix. 47-8-9-50. 

Pyrenees, ix. 187. 

Queen-bee, her numerous suitors, x. 
7 ; her chastity and fidelity, x. 8 ; 
her fertility, ib. ; her first laying, 
ib. ; royal eggs, ib. ; royal cham- 
ber, ib. ; effect of postponement of 
her nuptials, x. 9 ; mutual hos- 
tility of queens, x. 58; their treat- 
ment, x. 00 ; her fecundity not 
anomalous, x. 17; her character 
and jealousy, x. 57 ; respect shown 
to her corpse, x. 75. 

Quetelet, his observations on atmos- 
pheric electricity, x. 179. 

Rattle n steamer, experiments on, x. 
168. 

Reflectors, oblique plane, ix. 34. 

Rivers, beds of, bunks, tributaries, 
valleys, water-sheds, delta, estu- 
aries, friths, ix. 136-7 ; of the 
world, their general plan, ix. 165 : 
formation of, ix. 157 ; river sys- 
tem of Europe, ix. 163. 

Ross’s microscope, ix. 78 ; his useful 
labours, ib. 

Romas, his experiments, x. 180. 

Satyr, ix. 91. 

Savannahs, lii LI -nests of white ants 
in them, ix. 117. 

Scandinavian peninsula, ix. 156. 

Science and poetry, ix. 193. 

Screw propellers, x. 158 ; sub- 
aqueous, x. 122. 

Screw propeller, its application, x. 
165. 

Screw engiues, various forms of, x. 
170. 

Screw r vessels, their speed, x. 168. 
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Shakspeare’s allusion to tlie economy I Vision of bees, x. 91. 

of tlie bee, ix. 203. | Vision, distinct human, least distance 

Shortest day not the coldest, cause, j of, ix. 00. 

ix. 170-1. ; Virgil, x. 3. 

Siamese engines, x. 147. 

Sicily, ix. 141. 

Smeathman’s microscope, destruction I War-horse, celebrated description ol 
of, ix. 119; curious experiment! in Job, ix. ‘207; unmeaning lan- 
of, ix. 125. | gunge of the translation, ib. ; exa- 

South American peninsula, ix. 151, j mination of the original by Dr. 

149. MeOaul and Professor Marks, ix. 

Spain and Portugal, ix. 141, 155. j 208 ; interpretation by Lesenius, 
Spring equinox, ix. 160. ! 'ib. ; by Elwald and Schultens, ib. ; 

Steam navigation, x. 113 ; its pro- | correct meaning explained, ib. 

gress, x. 116. ; War vessels, application of steam to 

Steam boilers, incrustation of, x. them, x. 124. 

136 ; flue and tubular, x. 131. , Water fly, ix. 93. 

Steam navy, strength of, x. 174. West Indian Archipelago, ix. 154-5. 
Store cells of bees, x. 34. Western, or new continent, its extent 

Summer warmer than the spring, and form, ix. 149; relief of, ix. 

cause, ix. 169. 151. 

Sun vertical at the equator, oblique j White ants, ix. 98 ; their mis- 
at all other points, ix. 167 ; its : ehievous habits, ib. ; constitution 
thermal influence in different lati- \ of their societies, ib. ; chiefly con- 
tudos, ib. i fined to the tropics, ix. 99 ; use of, 

Swarming of bees, x, 67. j as food and medicine, ix. 101 ; 

j their destruction of shelves and 


Table showing the reflection at dif- ! 
ferent obliquities, ix. 194. * 

Taste of bees, x. 91. j 

Temperate zone, ix. 175-6. j 

Temperature depends on snn’s alti- ! 
tude and length of day, ix. 167. 

Terrestrial surface, undulations of, 
ix. 130. 

Terrnes embia, ix. 97. 

Termes fatalis, or bellieosus, ix. 97. 

Thermal influence greatest on 21st 
June in northern hemisphere, ix. 
169. 

Thorley, anecdote of, x. 111. 

Thunder and lightning, x. 177. 

Torrid zone, ix. 174-5; sun vertical 
in it twice a-year, ix. 1 75. 

Transmission and reflection, illumina- 
tion by, ix. 42. 

Tropics, the sun can only be vertical 
within them, ix. 171 ; animals of, 
ix. 181. 

Tubes of steam boilers, x. 135. 1 

I 

Upholsterer- bee, x. 22 ; hangings i 
and carpets of her rooms, x. 23. | 
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wainscoting, ix. 120 ; their art- 
ful process to escape observation, 
ib. ; anecdotes of, by luompfer and 
Humboldt, ix. 120-1 ; their de- 
struction of the governor s house at 
Calcutta, if). ; of a .British ship of 
the line, ib. ; their manner of 
attacking timber in tlie open air, 
ix. 122 ; extraordinary behaviour 
of their soldiers when a nest is 
attacked, ix. 122 ; curious ex- 
ample of the repair of a partially - 
destroyed nest, ix. 125 ; curious 
observation of marching Terjnites 
by Mr. Sineatlunan, ix. 126; re- 
markable conduct of their soldiers, 
ib. ; rage and fury of their soldiers 
when attacked, ix. 122-3 ; in- 
dustry and promptitude in repair- 
ing the damage done to their habi- 
tation, ib. ; vigilance of their 
soldiers during the process of re- 
pair, ix. 123 ; conduct of their 
soldiers during a second attack, ix. 
1 24 ; difficulty of investigating the 
structure of their habitations, ib. ; 
obstinate opposition of their sol- 
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diers, ib. ; discovery of tlieir royal I 
eh am her, ix. 1 - 4 ; fidelity of sub- j 
jeots, ib . ; use of domic, the sum- j 
mit of tlieir habitation, for the 
preservation of the colony, ix. 107 ; j 
position, form, and arrangement of | 
their royal chamber, ib. ; its ' 
gradual enlargement l’or the acconi- j 
mod at ion of the sovereign, ib. ; its j 
doors, ib. ; corridors and ante- J 
chambers surrounding the royal j 
chamber, ib. ; their nurseries, ib. ; j 
the walls and partitions of the ; 
same, ix. 108 ; the position of 
their nurseries varied, according to 
the exigencies of the colony, ib. ; 
continual alterations and changes 
in their habitation, ib. ; peculiar 
mould which coats their walls, ib. ; 
their store-room for provisions, ib . ; 
inclined paths which approach • 
them, ix. 101) ; Gothic archbs 1 
which surmount their apartments, I 
ib. ; their subterranean passages, 
galleries, and tunnels, ib. ; royal 
body-guard, ix. lod ; queen, her 
vast fertility, ib. ; treatment of 
their king and queen, ix. 99 ; sol- 
diers, ix. 100; workers, x. 9: 
gradients, or slopes, which regulate 
covered ways, ix. 100 ; reflections 
on their wonderful works, ib. ; 
their formation of a covered way 
when forced to travel above ground, 
ix. Ill ; tenderness of tlieir bodies 
render covered ways necessary, ib . ; 
their physiological characters, ix. 


100 ; bridges by which they pass 
from one part of the habitation to 
another, ix. 100 ; use made of 
tlieir constructions by wild cattle, 
ix. 100; Termes lucifugus, organi- 
sation of tlieir societies, ix. 117 ; 
habits of tlieir workers and sol- 
diers, ib. ; materials used for 
building, ib. ; construction of their 
tunnels, ix. 118; Termes belli - 
cosus, destructive habits of, ix. 
119; their process of filling up 
their excavations with mortar, ib. ; 
Termes arhorum, nests of them in 
roofs of houses, ix. 118 ; turrets 
built by Termes mordax, and by 
Termes atrox, ix. 114 ; their 
king, queen, workers, and soldiers, 
ix. 110 ; habits of workers, ix. 
99 ; figure of pregnant, queen, ix. 
102 ; vertical section of habi- 
tation, showing its internal arrange- 
ment, ix. 10;'» ; lirst establishment 
of a colony, ix. 100-1 ; care be- 
stowed on the queen's eggs by 
workers, ix. lod; election of their 
king and queen, ix. 102; figures of 
their king and queen, ix. 99 ; im- 
pregnation of their queen, ix. 102; 
tlieir constructions used to obtain 
views seaward, ix. ]0(> ; lirst 
establishment of a colony, ix. 
100-1 ; nymphs, ix. 100. 

| White sea, ix. 1 11), 
j Winter season explained, ix. 170-1. 
i Winter, phenomena of, in the southern 
hemisphere, ix. 170. 
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Nations, the Egyptians, Greeks, Carthaginians, and Macedonians. Translated 
by Dr. L. Schmitz. Three Vols. b\o, 1/. ilx. (id. 

In ref naiee to Babylonia, Assyria, and Egypt, it is particularly interesting to 
nmice how dearly the historian ioivsaw and 'anticipated ad the great discoveries 
which have since been made in those countries. A thousand points in the 
history of ancient, nations, which have hitherto been citirr overlooked or ac- 
cepted Without inquiry, are here treated with sound criticism and placed in 
their true light. 

Niebuhr’s Lectures on Ancient Ethnography and Geography; 

eumpri*iiigGreoce and her Colonies, Italy, the Islands of the Mediterranean, Spain, 
Gaul, Britain, Northern Africa, and Hia-incia. Translated trom the German 1 y 
Du. I. iiiimiaiii) Schmitz, F.K.S.E., Reel or of t lie High School ol Edinhurgh, witii 
additions and corrections Irom Ids own Notes. Two Yols. b\o, Id In. cloth. 

A History of Rome ; from the Earliest Times to the Death of 

COM MODUS, A.n. If 2. By Dr. T.. Schmitz, Rector of the High School of Edin- 
burgh, Editor of “Niebuhr’s Lectures.” New Edition. With I0U Illustrations 
on Wood. One thick Yol. 1'ri no, 7s. tit/, cloth. 

Questions on Schmitz’s History of Rome. By Joiim Robson, B.A. 

1-mo, 2x. cloth. J 

A History of Greece. With Supplementary Chapters on the Literature, Art, 
* and Domestic Manners of the Greeks. B} William Smith, LL.D., Editor of the 
Dictionaries of “ Greek and I Ionian Antiquities,” “ Biography,” Ac. Woodcuts 
and Maps. Dost bvo, 7x. (id,, doth. 
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Propositions. By Richard Pottm:, A.M. Svo, with mi merous Diagrams, 1:>. Gd. 
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1. Tlio riancts ; Are they Inhabited | 

Worlds V Chap. I. ; 

2. Weather Prognostics. j 

3. The Planets. Chap. II. ' 
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ID. The Planets. Chap. IV. 
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20. Locomotion in the United States. 
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22. Common Things. — Fire. 
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8G. Terrestrial Heat. Chap. II. 

87. The Electric Telegraph. Chap. IV. 
AS. The Electric Telegraph. Chap. V. 
30. The Electric Telegraph. Chap. VI. 


VOL. IV., price]* 

40. Earthquakes and Volcanoes. Chap. I. 

41. The Electric Telegraph. Chap. VII. 

42. The Electric Telegraph. Chap. VIII. 

43. The Electric Telegraph. Chap. IX. 

44. Barometer, Safety Lamp, and Whit- 

worth’s Mieii .metric Apparatus. 

45. The Electric Telegraph. Chap. X. 

Contents of Vols. V. and 
VOL. V., price Is. G 


Id., in handsome boards. 

j 4G. Eiirtlniuakc8andVolcanoes.Cliap.il. 
j 47. The Electric Telegraph. Chap. XI. 

! 48. Steam. 

j 49. The Electric Telegraph. Chap. XII. 

50. The Electric Telegraph. Chap. XIII. 
I 5 L. The Electric Telegraph. Chap. XIV. 
i 52. The Electric Telegraph. Chap. XV. 

VI. (double), 3s. 6d. cloth. 

d., in handsome boards. 


53. The Steam Engine. Chap. I. 

54. Tlio Eye. Chap. I. 

55. The Atmosphere. 

5G. Time. Chap. I. 

57. The Steam Engine. Chap. II. 

58. Common Tilings. — Time. Chap. II. 

59. The Eye. Chap. II. 


GO. Common Things. — Pumps. 

GL The Steam Engine. Chap. TTT. 

G2. Common Things. — Time. Chap. III. 
«i:t. The Eye. Chap. III. 

G4. Common Things. — Time. Chap. TV. 
G5. Common Things. — Spectacles — The 
Kaleidoscope. • 
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DR. LARDNER'S MUSEUM (Continued) ; — 

VOL. VI., •price Is. Gc L, in handsome hoards. 

GO. Clocks and Watches. Chap. 1. V:?. Microscopic Drawing and Engraving. 

07. Microscopic Drawing and Engraving. Cliap. IV. 

Chap. 1. 74. Clocks and Watches. Chap. III. 

G8. Locomotive. Chap. I. 7- r >. 'J'hcrmomctcr. 

09. Microscopic Drawing and Engraving. 7G. New iMaucts.— Lev erricr and Adams’ 
Chap. Ji. Planet. 

70. Clocks and Watches. Chap. I L 77. Leverrior and Adams’ Planet, con- 

71. Microscoj)ic Drawing and Engraving. eluded. 

Chap. III. 7S. Magnitude and Minuteness. 

72. Locomotive. Chap. II. 


Contents of Vols. VII. and VIII. (double), 3s. 6d. cloth. 

VOL. VII., price l-s. Gd., in handsome hoards. 

79. Common Things. — The Almanack. , ha. Common Things. — The Almanack. 
Chap. I. ; (’hap. II i. 

50. Optical Images. Chao. T. ' bn. IL"v to Observe the Heavens. Chap. 

51. Common Things. — Thy Almanack. ■ 11. Stellar Universe. Chap. I. 

Chap. II. ' ! «7. The Tides. 

52. Optical Images. Cliap. II. : SS. Stellar Universe. Chap. II. 

So. I low to Observe the Heavens. Chap. T. ; b9. Common Things. — Tne Almanack. 

84. Optical Images. Chap. 111. Common Cliap. IV.— Colour. Chap. 1. 

Things.— -I lie Looking-! das, s. ! 90 . Stellar Universe. Chap. ill. 

91. Colour. Chap. IT. 

VOL. VIII., price Is. Cd. t in hand sonic hoards. 

92. Common Things. - Man. Chap. I. PM). Instinct and Intelligence. Chap. HI. 

•Xi. The Stellar Universe. Chap. IV. ltd. The S«>lar Microscope. — The Camera 

94. Magnifying glasses. , Lue.ida. 

9a. Common Things — Man. Chap.lt. 102. The Stellar V niver.se. Chap. VI. 

9G. Instinct and Intelligence. Chap. I. Pel. Instinct and Intelligence Chap. IV. 

97. The Stellar Universe. Chap. V. • 101. The Magic Lantern. — The Cumer : 

98. Coiunmn Things. — Man. Chap. JII. Ohscura. 

99 Instinct and lutJligi nee. Chap. II. 


Contents of Vols. IX. and X. (double), 3s. 6d. cloth. 

VOL. IX., price ]s. G.U* in handsome hoards. 

] Ofi. The Microscope* Chap. L 111. The Surface of the Earth, or Fp-s% 

loG. The White. Ants— Their Manners ! Notions of Geography. Chap. 11. 

and Ilalnts. Cliap. I. 112. The Microscope. Chap. IV. 

]07. The Microscope. Chap. II. ! 1 1.!. Science and l’octry. 

] OS. The White Ants— Their Manners ; II I. The Microscope. Chap. V. 

and Habits. Chap. II. i 111*. The Surface of the Earth, or Fi'-st 

109. The Surface of the Kartli, or First , Notions ot Geography. Chap. HI. 

Notions of Geography. Chap. 1. '• 110. The Microscope. Chao. VI. 

110. The Microscope. Chap. 111. j 117. The Surface of the Earth, or First 

Notions of Geography. Chap. IV. 

VOL. X., price 1*. Cd. t in handsome hoards. 

HS.Thcr.ee. Chap. I. 12a. The Dee. Chap. V. 

119. The Dee. Chap. II. 12G. Steam Navigation. Chap. III. 

120. Steam Navigation. Chap. I. 127. The Dee. Cliap. VI. 

121. The Dee. Chap. III. 12S. Steam Navigation. Chap. IV. 

122. Steam Navigation. Chap. II. 129 . The Dee. Chap. VTI. [Dorcalis. 

12:5. The Dec. Chap. IV. lGO. Thunder, Lightning, and the Aurora 

124. Electro-Motive Tower. Chap. 1. 


Continued in Weekly Numbers at Id . ; Monthly Parts at 5d. ; Quarterly 
Volumes at 1$. tid., and Half Yearly Volumes at '6s. (> 1. 
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First Book of Natural Philosophy; or, an introduction to the study of 

Statics, Dynamics, Hydros tidies. and Optics, with numerous examples. By 
ISa.muel jSevvth, 31. A., Fellow of University College, London. Il'iuo, :,s. Od. 

Elements of Mechanics and Hydrostatics. By Samuel Newtii, M.A. 

Second Edition, small Svo, 7 r. Gd. doth. 

A Handbook of Natural Philosophy. bvdtonysh- laupnel, d.c. l. 

Formerly Prolessur ol Natura 1 Philosophy and Astronomy in Fnivers.ly Coll*. ■/.„ 
London. A New Edition, rc\ ised and greatly enlarged, with scvcrariiundtad 
additional Illustrations. 4 Volumes, a.-.', each, doth It ttefed. Being a series of 
Treatises com po.sed in a popular and generally intelligible style, independently 
of the language and syminns of Mathematics and tunning a complete emmo ol 
Natural Phio-smby. 

Mechanics. One \ uiunu , . r i,*. j Optics. One Volume, f».s\ 

Hydrostatics, Pneumatics, and Heat. Kleclcieity, Magnetism, and Acoustics. 
Due Volume, a.-. j Uue \ olume, ib. 

Hr. Lardner's Handbook of Astronomy. From the “Hand hod.; of 

Natural Philosophy and Astronomy.” D7 Plates and dOO Woodcuts. Largo 1-mo, 

I 'is. lid. cloth. 

Ecliptical Charts, Hours, 1, 2, 3, 4, 5, 7, 9, 10, 11, 13, 14, 19, 

and 20, taken at the Observatory, Regent ’s Park, under the direction of O'eoiuje 
B isltoi*, IE]., F.il.S., itc. 2s. (,</. each. 

Astronomical Observations, taken at the observatory, Depends Pm-k, 

during the Years ‘l s. P. ► InVL, under the duvet ion of (Jeoiuie Bisiior, Exp, 
F.B.S., Ac. -bo, 1-s. Gd. 

Mr. Bishop’s Synoptical Table of the Elements of the Minor 

Planets, between Mars and .UipihT, as known at the beginning of iS.Vi, with 
the parfn ■u'ai> refiling t<* their di-'-eu-ry, Ac. Arranged at the Observatory, 
Begchth Park. Un a Paid. 


MATHEMATICS. Ac. 


JJLEMENTS of Arithmetic. i!yAcnp^i*Moiio*(.,rn& ! <iwrfiiati«'. 

m. (ties in Fid \ er, sit i iVlk^L, London. Filth Kditioii, with Eleven At>nenthx;>, 
Roy.-d lL'a-i d.-s't,. 

He Morgan’s Trigonometry and Houble Algebra. Boyal iLhnc. 
Barlow’s Tables of Squares, Cubes, Square Roots, Cube Roots, 

AND "RECIPROCALS, up to lu.uOu. Stereotypi KdiPmu, e\:i mined :m< 1 cor- 
rected. I’uder the supu’inteiideucn ol the Society for the Diffusion of Lae nil 
Knowledge, i loyal tLiuo, cloth, 'va 

Arithmetical Books and Authors. Fnm, the invention or Printing t. . 

the present time ; being Brit f Notices of a huge Nuuiher of Works drawn up 
lrom actual inspection. By Atmu.STos Re Mi>i:«,an, lTofes-or of Mathematics in 
L’nivcrsity C- >! London. Cheap issue. Boyal Ilium, lb. Gd. cloth. 

A Course of Arithmetic as Taught in the Pestalozzian School, 

■WORKSOP. By J. L. I'u.ENUEnurj;. Ilium, ib. cloth. A Key to Ditb,. J.;. (id. 

The First Book of Euclid Explained to Beginners. Byc.r. 

Mason, B.A., Fellow of University College, and Principal of Denmark Hill 
Ora m mar School. Fcap. Svo, i.s. in clollu 

The Geometry of the First Three Books of Euclid. By direct 

proof li-om Definitions ah. no. 'With an Introduction on the Principles of the 
Science. By 11 ens 1 .eu.ii Wejx.wooij, 31. A., late Feiiow ol Christs College, 
Cam bridge. PJino, (>d. 

Reiner’s Lessons on Form ; or, an Introduction to Geometry, 

as given iu a Pestalozzian School, Cheam, Surrey. i-inp, with numerous 
Diagrams, o$. Gd. cloth. 
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A Mathematical Course for the University of London. By Thomas 

Kj miser, M.A. Second Issue, euivluily revised, u ith a New Appendix. svo, On. 

Tins volume conkiins an outline oi' the subjects included in the regulat ions of 
1 In: .Senate, ;md the Sliest ions asked :d the .Matriculation and the I> A. l’ass 
Ex,uniiia.l ions, with Solution, of tins Mathematical l'ap*_rs in these Examina- 
tions ij-oin the foundation ol the L ni\ er.-_.it y to the present year. 

Tables of Logarithms, Common and Trigonometrical, to Five 

T LADDS. 0 n< hr tlic Sup. riniendt lice «■! toe Society lor the Ditiu.~Inn ol' Useful 
Knowledge, Leap. b*o, cloth limp, D. Gii. 

Lessons on Number, PS given at the IVsIalt/.xian School, Clieam, Sumy. 
I'y Charms Peixei:. " lie Mashi’s Manual. Now Edition. l-mo, doth, leu 
Thu Scholar's l'raxis. 1'Jnio, 2s. found. 


GREEK. 


TEE Anabasis of Xenophon. 

graphic., I and Pioirrmihical Index 


Kxpresdy lor Sch mis. With Notes, n Oeo- 
and Piographical Index, and a Map. IN <L I'. \. I’vi.nt, P.A., 
of iJudd'.iVieid < oil eg e ; and Kune.-t Ah.uii-', t las, deal Master ili ini- 
Vursjiy College School, lUmo, -is. iW. cloth. 

Lexicon to Aeschylus. Containing a Critical explanation of the more Difficult 

i’assag. s in the S« veil Tragedies. Dv the llcv. \\ . LjxvvuuIi, A.M., M.H.A.S. 
bicoud Kditioii. Ikai.Tjd. i>Vo, 1“J.X. doth. 

New Greek Delectus; IVmg Se.dcnres lhr Trmsl.uion from Creek into 
and Engii- It into Drecl, : .wmicj ■ I in a. Sv Mr.nM ie P roe n -Hon. By 
Ji". Jl.w-U v in , hl'dM.l:. Tr.uisi.d' d and J/ined from tne Ucrman, by Dr. AULX- 


AMd’.n Ai.ui.N. Tnird r.Uilion, revised. l-mo, -In. 


doth. 


Eonr Gospels in Greek. l-V the use of Helioois. reap. Syn. doth limp 

■Ju Ith r Tli ; s ]).art of t iie Creek 'I c.-duiiiont. i* printed s. • aratily 1 >t the use «>;* 
Students ! ' i > 1 1 n ii-7 t* * learn Creek, the Evangelist-. being more general!} tend 
than the iv.m. ol Die Testament. 

London Greek Grammar. Desired to exui.it, iu small compass, the r.ie- 

incuts ol the (Inti; Language. 1 -dited bv a (Ikaduate oi tne University os 
Oxlord. Tuth Kdition. iihno, do; h limp, is. 'W. 

Greek Testament. (U.iKKitvcu’KTY.vr, w ith the various readmes of Jinx mid 
SruoL'/. Second Kditioii, revised. 1 c.ip. hv», cloth, w. uu. ; morocco, 1 --f. t ul. 

PlfltO The A|iolo''\’ofS')Cii\Ti:s, Ceito, and part ofthel’HAFT.o. with Kncrlisli Notes, 
al.ile uVoeraus, he. Edited I... if. W . tiUTii. Second Lditi.-n. iJmo, cloth, hi'. 

Robson’s Constructive Greek Exercises. 

•./ 'Mi'..-. Work, widen wa*H>:-;gm,.lIy intended fob 
Const l m li\ e Creek I.xev- lies,’’ Will take the place 
principles •>! both are identical. 

What is the Power of the Greek Article : <.»«i w «•»>*« i« 

Ill til,- KusluJi Vlll-siim 1.1 L tic Xcw ■JV.sliuiioi.tr Jly JullN XAtLUU. 6vu, -A. Oil. 


lino, cloth, 7*. Co/ . 
a, new edition of “Allen’s 
i that book. Tlic general 


LATIN. 


— 

MEW Latin Delectus; K-iuy-SailoncusrnrTnmsli.tiuuf.umJiatiniiitoE.iKlisl, 

" Hint Ilii.-'.L-h into Imtin ; iimtful in » Systonuu..; 1 ro^v^, *U» l*g£ 
tl,o (I.ooit Dolo.-Uis. Jly Dr. Alkxaxi.ui: JLua. linul LJiu .u, 1 -mo, l-.olotii. 

New Latin Reading-Book ; si,., rt s.-nemvs, a* x«n*U“v »*d i^p- 

tan Cosiu-h Uallif W.ir, nreur-onl In ^.vnU-imitm i ivoronsluu. Willin 
Dictionary. Second Edition, revised. lAno, n.-.. u*. ciotn. 
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Constructive Latin Exercises, for teaching the Elements of the Language 

on a System of Analysis and Synthesis ; with Lat in Heading Lessens, and copious 
Vocabularies. By John Hobson, B.A., late Assistant Master in University 
College School. Third Edition, thoroughly revised. 1‘Jino, L. lid. cloth. 

London Latin Grammar ) including the Eton Syntax and ] Tosudy in English, 
accompanied with Notes. Edited l>y a Graduate of the University ol‘ Oxford, 
fifteenth Edition, lihno, l.s. Od. cloth limp. 

First Latin Reading Lessons | with complete Vocabularies. Intended as 

an Introduction to Ca-sar. By John Hobson, B.A., Assistant Master in Univer- 
sity College fck’hool, Elmo, 2>. (id. cloth. 


The Principal Roots of the Latin Language, simplified Ly a displ ay 

ol their Liyorperatioii into the English Tongue ; with copious .\<>tes. By Hknky 
Hall. lilth Edition. l'Jmo, 1a. (id. doth limp. 

The Germania of Tacitus. With Ethnological Dissertations and Notes. By 
Beiuy 8 vo i-\ T Author of 11,0 “ Language,” <!;c. With a Map. 

Tacitus, Germania, Agricola, and First. Book of the a mads, with English 

Notes and Born (mu’s Hem arks on the style of Tacitus. Tim’d Edition revised 
and much improve. Ldited By Dr. W. Smith. 1-mo, 6s. doth. 

Caesar for Beginners. Latin and English ; with the Original Text at the end. 

i-iuo, os. (id, cloth , 

Mythology for Versification; or, aBrief Sketch of the Falhes.TthcAueicnts, 

prepared to bo rendered into Latin verse. By the late Bov. !’. Hodgson, M.A. 
( o ost oi Eton;. New Edition. Ilium, y.%. hotnul. Key t,o Ditto. Xvo, T.v. 

Select Portions of Sacred History, conveyed in sense for Latin Verses. 
By the late Hey. F. Hodgson, M.A. MWost of Eton). Third Edition. Eh no, 
oa. <W. cloth. Key tu i >itu>. Hoyal Svo, 10%. (id. cloth. 

Sacred Lyrics , or, Extracts from the Prophetical and other Scriptures of 
the Old Testament ; a«la pled to Lath, Versification in the principal Metres of 
Horace. By t he late Kcv. E. Hodoson, M.A. (1’rovust of Eton;. B.mo, 0*. (id. 
cloth. Key to Ditto. 8\o, ]-%. cloth. 

Latlll Authors, Selected for the use of Schools ; containingportionsof Phmdrus, 
Dvid s Metamorpljoses, Virgil's Aineid, C;esar and Tacitus. lJino, is. tid. cloth. ’ 


HEBREW. 

— +• 

(JRAMMAR of the Hebrew Language. By ityman iiur.wirz, late 

Professor of HeLrew in Univorsity Col Lev, London. Eourt h j.; |jt revif-ed and 
enlarged. sv< >, Hot h. < >r in Two Parts, sold separately Eleventh, -Is. lid. 
cloth ; Etymology and Syntax, !>.%•. cloth. 


MAPS. 

TEACHING Maps: I- HI VERS AND MOUNTAINS, of England, Wales 
and Part of Scotland. Gd. 11.— TOWNS of Ditto, (id. 

Projections. Three Maps: Mercator; Euroue ; British Isles. Stitched in 
a C/uver, Is. Single Maps, 4 d. each. 

Projections ; with Outline of Country. Three Maps stitched in a Cover. l.v. Single 
Maps, 4d. each. 
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ENGLISH. 

fHE English Language. ■ By J)r. R. G. Latham, F.R.S., late Fellow of 

King’s College, Cambridge. Fourth Edition, greatly enlarged. 2 Vols. Svo. 11. S«. 

A Handbook of the English Language. By nr.n. g. latham, f.r.s. 

Second Edition, revised and much improved. Crown Svo, 7 a. < </. cloth. 

An English Grammar for the Use of Schools. By Dr. r. g. 

Latham, F.R.S., late Fellow of King’s College, Cambridge. Sixth Edition. 
12uio, 4s. Gd. clotii. 

Elements of English Grammar, for the Use of Ladies’ Schools. 

By Dr. 11. G. Latham, F.R.S. Foap. Svo, cloth, Is. M. 

History and Etymology of English Grammar, for the Use of 

CLASSICAL SCHOOLS. By Or. R. G. 1. vtttam, F.R.S. leap. «Svu, Is. 6'!. doth. 

First Outlines of Logic, applied to Grammar and Etymology. Ily Dr. R. G. 
Latham. ISiiid, D. tW. doth. 

Hew English Spelling Book. By the Rev. Gunn AM D. Ariiott. Second 

Edition, with Imuding Lessons. PJm->, sewed, (17. 

First English Reader. By the Rev. G. D. Abbott. 12ino, with Illustrations. 

1 v. doth limp. 

Second English Reader. By the Bov. G. D. Abbott. PAm«, l.vOd. cloth limp. 


FRF, NCI 1. 


MERLET’S French Grammar. By V. F. Mm FT, Professor of French 

in Univoivily < 'oil -‘go. London. New Edition. PJnio, £h. »W. b.nmd. Or, sold 
in two Parts: Pronunciation and Acctjuence, lis. G 7 . ; Syntax, t»s. G 7 . (Key, 
New Edition. :i.v. 07.) 

Merlet’s Traducteur ; Or, Historical, Dramatic, and Miscellaneous Selec- 
tions fr-»m Hie best French Wrtt.’k- ; accompanied by Explanatory Notea; a 
selection of Idioms, &e. New Edition. 1-ino, 5 s. t>« / . bound. 


Merlet’s Dictionary of the Difficulties of the French Language ; 

containing Explanations of every Grammatical Dilliculty ; Synonymes explained 
in a concise manner ; Versilicat ion ; Etymological Vocabulary ; Free Exercises, 
with Notes; mercantile Expressions, Phrases, ami Letters; El' inentsof Freueii 
Composition. A new and enlarged Edition. 1-iim, O'-. 07. bound. 

Merlet’s French Synonymes; explained ill Alphabetical Order, with 
Ci -pious Examples. (From the “ Dictionary of Difficulties.”) li’mo, 2s. 07. 
cloth. 


Stories from French Writers. Interlinear (from Me riot’s “Traducteur”,) 


12m o, 2s. 


GERMAN. 


The Adventures of Ulysses I a German Reading Book; with a short 

Grammar and a Vocabulary. By Paul, Hutson. Twenty -four Woodcuts. 12mo, 
Ga. doth. . ^ , 


A Short Grammar of the German Language. 12mo, cloth, 25. 
ITALIAN. 

First Italian Course ; Being a Practical and Easy Method of Learning the 
Elements of the Italian Eimguago. By W. Brownino Smith, M.A Second 
Classical Master of the City of Loudon School, lloyal ItSmo, eleth, Gs. Ud. 


Panizzi’s Italian Grammar. 12mo, cloth limp, Is. Gd. 



WORKS PUBLISHED BY 

INTERLINEAR TRANSLATIONS. 


Chap Issue, a i Is. 0//. per rohtinc. 


JjOCKE’S System of Classical Instruction, restoring the Method of 

Tonehnig formeily practised in all Public Schools, The Nries consists *0 the 
following Interlinear Translations with the Original Text, in which tin- quantity 
of the doubtful Vm\i3s i." denoted ; critical aim explanatory Noll's. «\e. 

Py meansotthe.se Works, tlial exivllent system of Tuition is e fleet ually 
restored which was established Ty Ilean t’olct, Krastnim, and Lily, at t ho 
foundation oi' St. Paul's School, and was then enjoined by authority of the 
Stale, to be* a- h'] >led in all ot.her Public Seminaries ol' learning throughout the 
kingdom. Each Volume, Is. ti !. 

LATIN. GREEK. 


1. Pn.-r.nnuVs Faiu.us of .Esop. I 
Ovjjt’s .Mj.i.uioKrifosu.s. Poole J. 
U. V no. i r.k .Km:uj. Hi >' *1: I. 

4. PAimvi. l.ussoss To Vuaui,. 1 
£*. Uj-j.saiTs i.w asion or Puj'ain. j 


1. Ethan’s Ih.M or.t Ks. Selections. 

”. T'ltl-J < Mills OF A.X U l.T'iN. 

JP>mi:k's 1 i.i.mi. i’.ook 1. 

•1. PiU'iMi Lusm(N"T<> lb.'irn. 

It. X rNtiuiiivV AIi vonAiai i.v. Pan T. 
G. Hi imi.oiTs’s hi'Ti/iui.s. Sek ct ions. 


FRENCH — Sismospi; the IJatti.es of Ckt:.-sy and PuicTiims. 


GERMAN. Stories timm Gj:i:man Wminw. 

A Si eond Edit hi of the Ik.-ay, explaint' ry of the Sydem, with an Outline 
of lUe Ale mod of Mialy, m pubJldicd. lUnn., sewed, pre-c u.i. 


ANIMAL MAGNETISM. 

• - ♦ 

RARON Von Reichenbach’s Researches on Magnetism, Elec- 

1 II I PIT V, IIP. AT, LIGHT, t'T: YST’A I.L1SATW A N 1 1 GIIKMP'AL AT- 
TliAtTlnX. IN 'ill!. IP PKLA'I l()N T<) Till: VITAL FnPVK. '! r.uMati d 
and Kiiilnlf.it da- express de-,he of the Autiiorjby Pu t ■ i:i:<a>i;v, of tlx* liu- 
vu's'ly ol lv iiiiPuivdi. tkieap Issuij. line Vulnni'*, fivo, t'»* 0<l. cloth. 

“Tin* merits ot this n marl. able volume are gnat. The p li ns taking, e m? 
silent i in.-, ran limi 1 '. I’.g.ubous.— we had aiiwM s,:d the uii dom. aod n-riain'y 
the .*• oi ! -pi 1 ,'V'i-i.oi] , hi Misiasm with *.\ Inch tin* exp< rimuital clue m mllnwed from 
turn in ;uni o*' Mu* labyrinth, is surn.nsed by nothing ,i| th c s.une sort in tin 
v.liole jange ol eontemporary scunce.'’ — A'or/A Dri'iAt Jit rmc. 


ANATOMY, MEDICINE, Ac. 

4 - 

DR. duain's Anatomy. Edited by Pit. Suauttv and Mit. Quaix, Pro- 
fessors oi Anatomy amt Ph.. do'.ogy in 1’iuversity Coileec, London. Illus- 
trated by lour hum tied Lngrax mgs on Wood. A A'- ir n, tin I'nss. 

Demonstrations of Anatomy. A Guide to the l)iss“i*tion of the Human 

liody Py Ci'.oituK ViM.it Ei.i.n, Professor of Anatomy m UnPcr&ily College, 
London. A A'<it' jn't jn' rmtj. 

The Essentials of Materia Medica, Therapeutics, and the 

PIIA PM At 'Ol’tKIAS. For the use ol Student, s and Practitioners. Py Alkiikd 
Pakim. (lAitla di, M.P.. Prole.-sor of Ainu ria Aledica and Therapeutics in 
University College, London. l*Vp. fcivo. Os. lid. 

Lectures on the Principles and Practice of Midwifery, uy 

Edward Ww. Mummy, A.iM., Professor ot Midwifery m University 

College. London. One Volume, tsvo, many Illustrations, lll.s*. 

“The work will take rank among the best treatises on the obstetric* art. Py 
tli is work, l>r. Alurpliy lias placed his reputation and bis fame on a solid and 
durable Inundation.” — Dublin. Malkai Frist. 
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A Handbook of Physiology. Bv William Seniiousf, Kirices, M.D., De- 
monstrator of Morbid Anatomy at St. Bartholomew's Hospital. Assisted by 
James Pa get, Lecturer on General Anatomy and Physiology at St. .Bartho- 
lomew's Hospital. One Volume, liimo, with Illustrations. A New Edition 
pnpuriiuj. 

On the Nature of Cholera, with a view to Treatment. By 

William Sedgwick. Post svo, Os. cloth. (Jvst published.) 

On Pain After Food; its Causes and Treatment. Bv Edward 

Bat, lai:d, M.D., Loud., Lecturer on the Pracrice of Medicine at the School of 
Medicine adjoining St. George's Hospital, tine vol. 4 A*. Cil. cloth. 

Physical Diagnosis of the Diseases of the Abdomen. By Edward 

Ballard, M.D., Late Medical Tutor in University College, London. Largo 
l»mo, 7s. lid. cloth. 

The profession is much indebted to Dr. Ballard for this unpretending little 

volume, which, we loci certain, if car-Mully studied, will a mplhii its object of 

removing many ol the dillieulties at present surrounding the diagnosis of 
al >d on i ii ial disease :s. ’ ’ — L died. 

A Practical Treatise on Diseases of the Heart and Lungs, 

their Svmploms mid Treatment, avid the Principles of l’hy-'.eal Diagnosis, By 
W. 1 1. \\ A 1 ..-.HE, M.D., 1’roiessor ol the. I'niwiph < and I Tactic of Medicine and 
(Tuiieal Mc'licine in Bniversiiy College, L >ndun. A new md considerably 
enlarged edition. Une Volume. 1 -■■■■. Gd. eluiii. 

“ Every page-- we were ahout to every lino— contain-' a fact, often new, 
and idt'-tim }•' >linii mi tin A I'l Inn's i iru idisi end in'*. (Vj"' are ipiolid to prove 

(>\cry new statement, and t < » support every argument adduced in opposition t.<> 
others. To the practitioner, the clinical teacher, and to the student, this work 
will prove alike invaluable.” — M< diced Tutus. 

The Nature and Treatment of Cancer. Pv w. n. wals™, m.d. 

Professor of Medicine in University College, Physician to University College 
Hospital, and Coii-uiUmg Physician to the Hospital li»r Consumption and 
Diseases of the Clicsi. One \ olmue, two, with Illustrations. Cheap Issue, Os. Od. 

The Diseases of the Kectum. By nicmun quatx, f.u.s., rrofessor of 

Clinical Surgery in University College, and Surgeon to University College Hos- 
pital. With Lithographic Piates. Second edition enlaigod. Post Svo. 7s. Oh. 

cloth. 

“This Treatise is eminently of a practical character, and contains much 
original and valuable matter. It is not indeed a literary compilation, but rather 
an exposition of the author's opinions and practice iu those diseases.” — 
twn Jutland. 

The Science and Art of Surgery. Being a Treatise on Surgical Injuries, 

Diseases, and Operations. By John Erich sun, Professor of Surgery in Uni- 
versity College, and Surgeon to University College Hospital. iiiiO Wood 
Engravings. Svo. D. 5s. 

“The aim of Mr. Eriehsen appears to be, to improve upon tbe plan of 
Samuel Cooper; and by connecting in one volume the science and art of 
Surgery, to supply the student, with a text-book and the practitioner with a 
■work of reference, in which scientific principles and practical details are alike 
included. 

4 ‘ It, must raise the character of the author, and reflect great credit upon the 
College in which he is Professor, and wo can cordially recommend it as a work 
of reference, both to students and practitioners .” — Mtdical Times. 

The Microscopic Anatomy of the Human Body in Health 

AND DISEASE. Illustrate 1 with numerous Drawings in Colour By Arthur 
Hilt, IIaksall, M.B., Fellow of tbe Linnie.au Society, Member of the Royal 
College of Surgeons, Ac. Ac. Two Vols. Svo, 'll. 5s. 
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WOUKS PUBLISHED BY 


Hassall’s History of the British Freshwater Algae, including 

Descriptions of the Desmidom and Diatomacen). With upwards of 100 Tlates, 
illustrating the various species. Two Vols. bvo, 21. bs. 

Morton’s Surgical Anatomy of the Principal Regions. 

Completed hy Mr. Cadur, lute Assistant Surgeon, University College Hospital. 
Twcnty-tivc Lithographic Illustrations Coloured, and Twenty -live Woodcuts, 
ltoyal 8vo, 21*. cloth lettered. 

“ The work thus conflicted constitutes a useftd guide to the student, and 
remembrancer to the practitioner. We can speak very lavourably of the general 
execution of the work. The coloured lithographs arc, for the most part, well 
drawn, and faithfully represent the broad features of i he several parts. The 
woodcuts are well engraved, and very clearly exhibit the points which 
they are intended to illustrate .” — Medical (taut It. 

A Series of Anatomical Plates in Lithography. Edited by 

Jones Quain, M.D., and Chasm us Wilson, F. R.S. 

*** A remarkablp cheap issue is now on salt at the folhvrivp hnr prices : — 

To Subscribers. Former Frice. 

THE COMPLETE WORK, in Two Volumes, Royal .1' <’. £ *. d. 

Folio, Half bound Morocco ..... 5 .0 U S 8 0 

TILE SAME, Full Coloured, Hall-bound Morocco . 8 8 0 11 0 0 

The Work map also be purchased in Separate 'portions, bound in Cloth and, Lettered, 
as jot hues : — 

PLAIN. COLOURED. 

To SuWri hers. 1'. inner Price. To ^uliHTilicrs. Dinner Price. 



£ 

8. it. 

£ s. 

d. £ s. 

tl. 

,i! s. 

d. 

Muscles. 0 L Plates 

1 

6 0 

1 lb 

n — 2 <1 

0 

.‘1 12 

0 

Vessels. 60 Plates . 

1 

6 0 

I ]S 

0 — 2 <1 

0 

:t 

0 

Nerves. US Plates 

. . 1 

1 0 

1 10 

0 — 111 

0 

2 It) 

0 

Viscera. h2 Plates . 

0 

IT 0 

1 6 

0 — 1 Pi 

0 

2 S 

0 

Rones and Ligaments, "u PI: 

ites 0 

IT 0 

1 6 

o — 1 (1 

0 

1 11 

G 


Proposo!." with full /itt rhr, 'tars h,rtij h._ had of the 1'abtislurs , bp whom tend bp (’ll 
Txiukst lurs, SchscrdoTs' nauas will be ricticul. 

On Gravel, Calculus, and Gout; chief y an Applicalion of Professor 

Liebig’s Physiology to the Prevention and Cure of those Diseases. By II. Bence 
Juxls, M.D., F.R.ii, Physician to bit. Georges Hospital. b\u, Os. clutli. 


CHEMISTRY, &c, 


PRINCIPLES of Agricultural Chemistry, with Spomi Reference to 

the late Researches made in England. By JUSTUS VON LI EMU, Professor of 
Chemistry m tlio University of Munich, Small bvo., fa. lid. eiotli. 

Familiar Letters on Chemistry. In its relations to Physiology, 

Dietetics, Agriculture. Commerce, and Political Economy. Ry Justus Von 
LlERKi. A Now and Cheap Edition, revised throughout, with many additional 
Letters. Complete in one Volume, Foolscap bvo, price Os. cloth. 

Practical Pharmacy. The Arrangements, Apparatus, and Manipulations of 
the Pharmaceutical Shop and Laboratory. Ry Fhancis Moult, Ph. D„ and 
Turopiiii us Redwood, Professor of Chemistry and Pharmacy to the Phar- 
maceutical Society. 400 Engravings on Wood. Svo, fa. Od. cloth. 

Gregory’s Handbook of Inorganic Chemistry. For the use of 

Students. By William Grkoory, M.D., Professor of Chemistry in the 
University of Edinburg)). Third Edition, revised and enlarged. l2mo, 6s. M. 

“A young man who has mastered these few and by no means closely printed 
pages, may venture to face any board of examiners on Chemistry, without fear 
of being posed by any fair question .” — Association Journal. 
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Gregory’s Handbook of Organic Chemistry J for tlio Use of Students. 

fourth Edition, Revised and greatly Enlarged. One volume, largo RJmo. l‘d.s. , 
eluiii. [Jost jmblishul. 

Handbook of Organic Analysis, r.y Justus Tar. mo. Edited by 

]»r. Hofmann, Professor in tlic IV>yal College of Chemistry, London. Large 
l‘ 2 mo. Illustrated by S- r > "Wood Engravings. Fm. .cloth. 

‘‘The work now before us is a most valuable contribution to our knowledge 
on this most important subject. The stylo is lucid, and the processes are not 
only explained to the mind, but are made manifest to the eye by a profusion of 
beautiful illustrations.” — Medical Tutus. 

Handbook of Inorganic Analysis. By fimemhoi wr.HT.rn, m.d., 

J’rul' Ss'ir of Chemistry in the University of Gottingi-n. Translated and Edited 
by Pn. Hofmann, Professor in tlie lloyal College of Chemistry, London. Large 
l’Juio, G«. Oh. dot li. 

“Next to Rose of Berlin in the ranks of'liviug analytic chemists, particularly 
in the inorganic department of the art, stands Friedrich Wohler, who has in 
this bool; gnon us a compendium of inorganic analysis, illustrated by examples 
ol tiie methods to be pursued in the examination of minerals, both of a simple 
and complex constitution, which, if followed out by the student with ordinary 
care and patience, and with some little practical nisi ruction, will not fail to 
render him a thorough master of this division of chemical knowledge. ” — 
AtS"{ idfitilL Juurnal. 

Elements of Chemical Analysis, Qualitative, and Quantitative. 

J)\ Edward Andrew Pa knurl, author of “Applied Chemistry; in Arts, 
Mauuiuctmv-;, and Domestic Eeoimmy.” Second Edition, re vLe.d throughout, 
and enlarged by the addition of 200 pages, 8 vo, Chu.ip Psue, y#. cloth. 

Animal Chemistry ; or, Chemistry in its Applications to Phy- 

Slol.iMJY \ X 1 » PATIIOLOPi'. By .Justus Eimm., M.l>. Edited from the 
Author’s Manuscript. by Wii,li\m flnr/ionv, M.D. Third Edition, almost 
wholly re-writlen. 8 vo, Part I. (the first half of the work ) (k. (id. cloth. 

Chemistry in its Application to Agriculture and Physiology. 

By .1 1 'NTus I.iKiuo, M.D. Ediled from the Manuscript, of f lic Author, by Lyon* 
Playfair, Ph. D., and Wai. Gregory, M.D. Fourth Edition, revised. Cheap 
Issue, 8 vo. (i.s. (>d. 

Dyeing and Calico Printing. By Edward Andrew Parnell, Author of 

“Elements of Chemical Analysis.” (Ri'printed from Parnell’s “ Applied* Ch< - 
mis'.ry in Mannlaetures, Arts, and Domestic Economy, 184b”) With Illus- 
t rations, svo, 7s. cloth. 

Outlines of the Course of Qualitative Analysis followed in the 

CIESSEN EABOlt ATOPY. By H i:nky Will, Ph. P., Pmlessnr Extraordinary 
ol Clu.me.trv in the University of Giessen. With a Preface by Baron Liebig. 
8 vo, (b\, or with the Tables mounted on linen, 7x. 

Turner’s Elements of Chemistry. Edited by rrofossors Liebig and 

Gregory'. Eighth Edition. 1 Yol. 8 vo, 1/. luu. 



^HE Literary Diary; or Complete Common-Place Book, with an Explana- 
tion and an Alphabet of Two Letters on a Leaf. Cheaper Edition. Post 4to, 
ruled throughout, and strongly half-bound, 85 . 0 d. 

A Pocket Common-place Book, with locked index, ck- iper Edition. 

Post bvo, strongly hall-bound, C$. G d. 
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WORKS HJBLISHED BY WALTON AND MABKRLY. 


DRAWING, &c. 


LINEAL Drawing Copies for the Earliest Instruction, com- 

pricing “200 subjects on ‘21 sheets, mounted on 1*2 pieces of thick pasteboard. By 
tlio Author of “ Drawing Jor Young Children." In a portfolio, fM?. lid. 

Easy Drawing Copies for Elementary Instruction. ByttmAutimr 

of " Drawing for Young Children." Soli. Twenty-six Subj--eK mounted mi 
pastel >oard. Pric-- oh. :n a Pm’t loho. Set 11. i\»rty -one Subject* mounted 
on pasteboard. Price GU. in a I’ort folio. 

*** The Work may al*o he had (two sets together) in one "Portfolio, price (Is. Cxi. 

Drawing Models. Consisting of Birms for Constructing various Buildings. 
Gateways, Castles, Bridges. A-c. Tlie Buildings will he {.rand sufficiently large 
to he drawn from by a numerous Class at the same lime, in a Box. with a 
small Tieatise on Drawing ami 1 ’expect ivc. Price 'll. pi*. Length of t lie Box, 
1S1 inches; breadth ill mehes; height. 5> '. incites. 

Drawing Materials. A Quarto Copybook of ‘21 leaves, common paper, (id. 
A Quarto Copybook of *21 leaves, panel* of superior quality. In. Gd. A Quarto 
Copybook of tin leaves, 3s.it/. Pencils, with very thick lead, B.H.B. *2*. per 
half-dozen. Pencils, with thick lead. F. at 3 n. Gd. ditto. Drawing (’balk, (id. 
per dozen sticks, in a Box. Port crayons for 1 ml ding the Chalk, id. cadi. 

Perspective. Its Principles and Practice. By G. B, Moore. In two parts, Text, 
and ] Mates. Svu. cloth, 8n. (id. 

The Principles of Colour applied to Decorative Art. By g. b. 

Moore, Teacher of Drawing in University College, London. Feap. 2s. iid. 


SINGING. 

♦- 

THE Singing Master. People's Edition. (One-Half the Original Price.) 

M Sixth Edition. Sv... Gx. cloth lettered. 

“What chiefly delights us in the. ‘Singing Master’ is 1 lie intermixture of many 
little moral songs with the ordinary glees. These are chiefly composed bv 
Mr. Hickson himscif; and a\c could scarcely imagine anything of the kind 
better executed. T'n-v relate to exactly the class of subjects -which all who 
wish well to t he indust nous orders would wish to see imprinted on their inmost 
nature— contentment with their lowly but honourable lot,, the blissings that 
flow from industry, the fostering of the domestic affections, and aspirations lbr 
the improvement of society.” — Chandnrs' Jonrnol. 

*** bmh I also iv Fin Ports, anti of which toot/ In hod separately as follows : — 

FIRST LESSONS IN SINGING AND THE NOTATION OF MUSIC. 

Containing Nineteen Lessons in the Notation and Art of Beading Music. Svo, 
Is. sewed. 

RUDIMENTS OF THE SCIENCE OF HARMONY OR THOROUGH BASS. 

8vo, l.«r. sowed. 

THE FIRST CLASS TUNE ROOK. A selection of thirty single find pleasing 

airs, arranged with suitable words lor young children. Svo, In. sewed. 

THE SECOND CLASS TUNE BOOK. A selection of Vocal Music adapted 
for youth of different ages, and arranged (with suitable words) as two and three- 
part harmonies. 8vu, In. M. 

THE HYMN TUNE BOOK. A selection of Seventy popular Hymn and 
Psalm Tunes, arranged with a view of facilitating the progress of children learning 
to sing in jiarts. Svo. 3 s. 6 d. 

The words without the Music mav he had as follows : — 

HYMNS from the Hymn Tune Boor, )J,d. 

* v * The Vocal Exercises, Moral Songs, and Hymns, with the Music, may also be 

had, printed on Cards, price Twopence each Card, or Twenty -five lor Three Shillings. 
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